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Abstract 
This thesis examines the use of a variety of policy interventions in addressing climate change cause 
and effects on agriculture, land use, and energy sectors. The study consists of three empirical papers 
using the computable general equilibrium modelling to focus on a comparative analysis of different 
countries in South Asia using policy scenarios aimed at tackling some important aspects of climate 
change issues. The first paper investigates the role of trade liberalization in mitigating the impacts 
of climate change on agriculture. The second paper addresses climate change cause and effects on 
land cover and land use, whilst the third paper analyzes the efficiency of market-based instruments 
to mitigate climate change.  
Using the standard Global Trade Analysis Project (GTAP) model, the first paper investigates the 
associated welfare, macroeconomic, and sectoral effects under low and medium crop productivity 
climate change scenarios using Sri Lanka and Bangladesh as case studies. The study uses various 
trade liberalization options (i.e. unilateral, regional, global trade liberalization strategies with partial 
or full and agricultural Vs. all trade options) as a mitigation policy for climate-induced impacts on 
agriculture in these countries. The study finds that climate change causes massive technical 
efficiency losses that result in significant welfare losses in the region. Trade liberalization as a 
policy, particularly unilateral and regional liberalization options could not generate adequate 
welfare gains to mitigate climate change impacts on agriculture in these countries. However, 
considering the least welfare deterioration effects associated with the liberalization options and the 
other macroeconomic and sectoral impacts, the study concludes that global full trade liberalization 
is the optimum policy for Sri Lanka, while it is the regional partial agricultural trade liberalization 
option for Bangladesh. Therefore countries within the same region also respond in a different way 
to climate-induced crop productivity changes and hence there is no one optimum trade policy fits 
all.  
The second paper uses the GTAP Agro Ecological Zones (AEZ) model to evaluate two policy 
options, trade liberalization and agricultural intensification, in mitigating climate change induced 
land cover and land use change emissions in South Asia. The results indicate that climate-induced 
crop productivity changes cause cropland expansion and deforestation both at regional and global 
levels and hence increased land cover and land use change emissions. Among the various trade 
liberalization policy options analyzed, the study finds global full trade liberalization on all goods as 
the optimum policy for South Asia. For the world, unilateral partial trade liberalization on all goods 
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is the optimum policy, and it also results in a significant emissions reduction for South Asia. 
However, the results indicate that agricultural intensification by improving crop productivity is the 
best climate induced land cover and land-use change emissions mitigation strategy both at regional 
and global levels.  
The third paper studies the effectiveness, efficiency, and economy-wide impacts of market-based 
instruments in mitigating energy sector emissions for Sri Lanka and Pakistan. The study uses the 
GTAP energy and environmental model (GTAP-E) for the analysis, which is an extension of the 
standard GTAP model that introduces an energy-environmental dimension. The model has been 
proven the suitability for analyzing climate change, GHG issues, and related policy scenarios. The 
policy instruments considered are a carbon tax, fuel tax and policy mix options of the carbon and 
fuel tax, which are analyzed to determine the optimum policy for each country. The study finds a 
carbon tax of US$27/tCO2 to be the optimum policy for Sri Lanka to achieve its intended nationally 
determined contributions (INDCs), that is to reduce emissions by 7% from 2010 levels. This policy 
is also associated with the least welfare deterioration and increases in real GDP by 0.2%. For 
Pakistan, which has a distorted energy market of subsidies and taxes, a carbon tax of US$13/tCO2 
is found to be the best policy to reduce carbon emissions by 5% from 2011 levels. Overall, the 
study concludes that the carbon tax performs better for both economies and allows their INDCs to 
be achieved more cost effectively. Also, the carbon tax enables any welfare losses associated with 
the policy to be compensated through the tax revenues generated. 
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1 
Introduction 
 
1.1 Background and Motivation 
The relationship amongst climate change, agriculture, land use, and energy are multi-directional and 
complex. Agriculture, which often plays a dominant role in most developing economies with 
regards to growth and development, is one of the most climate dependent economic activities and 
hence highly vulnerable to climate change. The impacts of climate change affect the welfare of a 
vast number of rural populations, particularly in developing countries who are highly dependent on 
agriculture. Continuing climate change coupled with rising population and climate-induced 
negative impacts on agricultural productivity exacerbate the competition for land resources that 
ultimately results in land conversion to expand cropland and pasture from forests, causing increased 
land use induced greenhouse gas (GHG) emissions. In addition, accelerated economic growth 
coupled with rising population and increased energy demand which is fulfilled mostly through non-
renewable sources cause a significant increase in GHG emissions to the atmosphere, triggering 
climate change. All these causes and effects of climate change create ecologically unbalanced 
economic growth in the world putting developing regions in particular at high risk. Thus the key 
challenge is to feed a massive population while preserving the environment and ensuring an 
ecologically balanced economic growth.  
Currently, there has been a growing international discussion on causes and effects of climate change 
and mitigation policies. The Intergovernmental Panel on Climate Change (IPCC)’s Fifth 
Assessment Report can be considered as a key milestone that brings scientists from across the 
world to a common platform to assess the latest scientific evidence on global climate change and 
instruct governments accordingly (Davis et al., 2015). Hence the new global agreement to combat 
climate change, the Paris Agreement, was adopted in December 2015 under the United Nations 
Framework Convention on Climate Change (UNFCC). The agreement aims at holding the increase 
in the global average temperature to well below 2ºC above pre-industrial levels and pursuing efforts 
to limit it to 1.5ºC (UNFCC, 2015). Climate change impacts on agriculture, especially for cereal 
crops is one of the major concerns today. The recent IPCC report confirms declined yields in 
tropical grains and lower benefits to temperate climate crops if the temperature rises by 20C (Davis 
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et al., 2015). Also, it is predicted that the decline in agricultural productivity due to climate change 
will result in the largest number of food-insecure people being located in South Asia (Pachauri et 
al., 2014). Hence mitigating the impacts of climate change on agriculture in this region is vital.   
The effect of declining agricultural productivity induced by climate change is to increase the 
demand for more croplands, and this land conversion contributes to high GHG emissions to the 
atmosphere. The IPCC (2014) also confirms that around 24% of all GHG emissions are produced 
from the land-use sector, and Vermeulen et al. (2012) explain that 6 to 18% of GHG emissions are 
due to land-cover and land-use change (LCLUC). The high populous regions coupled with land 
scarcity face much more complexities with the continued land transformation. For example, South 
Asia is a region with nearly a quarter of the world’s population dwelling on only 3.7% of the 
world’s total land area (Food and Agricultural Organization (FAO), 2015). With a huge cumulative 
population by 2050 that will exceed China’s, it is predicted that this region is likely to accelerate the 
current land transformation with significant impacts on the ecosystem (Vadrevu et al., 2015). 
Therefore LCLUC-induced emissions mitigation strategies have become an essential component of 
climate change mitigation in the region. 
Increased economic and population growth have led to changing lifestyles and more specifically, 
increased energy use, which has become a key driver of anthropogenic GHG emissions (Pachauri et 
al., 2014). Stern et al. (2006) point out that although climate change will have significant impacts 
around the world, the poorest countries will suffer earliest and the most despite having contributed 
the least contribution to past climate change. Hence GHG emissions abatement is a major 
component in developing countries’ national climate change policies. Also, the current trends 
confirm that GHG emissions from developing countries will be more than the developed countries 
during the first half of this century (Chandler et al., 2002). This indicates that the current 
developing small emitter countries will not remain so in the long run and a significant share of their 
growing future energy needs will be generated from cheaper energy sources such as coal. Hence 
there is an urgent need for developing countries to contribute to efforts to mitigate future emissions 
(ibid). Given these developments, the choice of appropriate tools for effective and efficient 
emissions mitigation has become a highly case specific and challenging policy dilemma.    
In view of the foregoing, this thesis examines the use of a variety of policy interventions in 
addressing the climate change impacts of agriculture, land use, and energy and transport sectors. 
The thesis consists of three empirical papers using the computable general equilibrium (CGE) 
modeling approach to undertake a comparative analysis of different countries in South Asia using 
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policy scenarios aimed at tackling some important aspects of climate change issues as set out 
below. South Asian economies are used as case studies to evaluate the policy interventions as this 
region has nearly one-fifth of the world’s population, has relatively high poverty rates, and has been 
identified as one of the most vulnerable regions to climate-induced cause and effects (Kumar, 
2014).  
1.2 Contributions 
The three empirical papers use the standard GTAP model, its extensions, and available databases to 
simulate the effects of trade policies and environmental tax policies on agriculture, land use, and 
energy sectors in mitigating climate change impacts. Sri Lanka, Bangladesh, India, Pakistan, and 
the rest of South Asia are considered in case studies to provide a sense of the magnitudes of the 
effects of the above policies on selected endogenous variables considered in individual papers.  
1.2.1 Paper 1: Is There a Role for Trade Liberalization in Mitigating the Impacts of  
Climate Change on Agriculture? 
This paper uses two South Asian economies, Sri Lanka and Bangladesh, to examine the associated 
macroeconomic and sectoral impacts under low and medium climate-induced crop productivity 
scenarios and with selected trade liberalization scenarios using the standard Global Trade Analysis 
Project (GTAP) model. More specifically, the study addresses four research questions: (1) What are 
the impacts of climate change on agriculture in Sri Lanka and Bangladesh?  (2) To what extent, if at 
all, can unilateral, regional and global, partial or full agricultural and all commodities trade 
liberalization offset the welfare losses of climate change in these economies? (3) What are the 
macroeconomic impacts of climate change on agriculture and the other sectors under alternative 
trade liberalization and climate change scenarios? (4) Is there an optimum trade policy option for 
mitigating the impacts of climate change on agriculture? 
This paper makes valuable contributions to knowledge. The current empirical literature in this area 
is diffuse. Some studies have examined the impacts of climate change on agriculture (see Piao et 
al., 2010; Tsigas et al., 1997; and Kane et al., 1991) and others have discussed the role of global 
trade liberalization as an adjustment mechanism for climate change impacts on agriculture (see 
Stephen and Schenker, 2012; Randhir and Hertel, 2000; and Reilly and Hohmann, 1993). To the 
best of our knowledge, this study is the first to combine these two key research areas. That is, first, 
it investigates the impacts of climate-induced change scenarios on agriculture and other sectors 
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including welfare. Second, it anlyses the types (unilateral, regional, global) of trade liberalization 
policies (partial or full; agricultural or all trade) that are effective in mitigating adverse impacts 
arising from climate change scenarios. Additionally, this study is the first attempt to use Sri Lanka 
and Bangladesh as case studies to provide empirical evidence for developing countries using the 
GTAP model. 
The study hypothesized that trade liberalization could serve as a vital tool in offsetting the adverse 
welfare impacts of climate-induced crop productivity changes. However, for the unilateral and 
regional alternative trade liberalization options, the study found that there were insufficient welfare 
gains to offset climate-induced welfare losses and instead, adverse effects on GDP resulted. Global 
full trade liberalization found to be the optimum policy for Sri Lanka but not for Bangladesh. 
Conversely, regional partial agricultural trade liberalization was relatively better for Bangladesh as 
it was associated with the least welfare deterioration. Hence there is no one size fits all policy for 
trade liberalization to mitigate climate change impacts and the study confirms that sometimes a 
restricted trade liberalization regime may be a second best option.     
1.2.2 Paper 2: Addressing Climate Change Cause and Effect on Land Cover and Land Use  
in South Asia 
This paper focuses on evaluating the role of two mitigation policies, trade liberalization and 
agricultural intensification on land-based emissions mitigation and land cover changes in South 
Asia using the GTAP Agro Ecological Zones (GTAP-AEZ) model. Specifically, it addresses the 
following five research questions. First, what are the impacts of climate-induced crop productivity 
changes on land-use changes and LCLUC-induced emissions in South Asia? Second, what forms 
(unilateral, regional, global) of trade liberalization policies (partial or full; agricultural or all trade) 
are effective in mitigating LCLUC-induced emissions and deforestation caused by climate change? 
Third, what are the impacts of agricultural intensification on LCLUC-induced emissions? Fourth, is 
there any optimum trade policy option for mitigating the effects of climate change on LCLUC and 
emissions? Fifth, what is the potential impact of technological change as a mechanism to reduce 
LCLUC-induced CO2 emissions and deforestation in the region? 
Like the previous study, this study also undertakes an inegrated study combining the above 
mentioned key research areas into a single study, which forms the basis for its main contribution. 
Previous studies have investigated trade liberalization and agricultural intensification on land-based 
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emissions mitigation have been extensively studied in isolation.1 Therefore the issue of whether 
trade liberalization or technological improvement is more effective as a land-based emissions 
mitigation strategy remains inconclusive in the literature. This study represents the first attempt to 
use South Asia as a case study to examine the role of these two policy interventions on land-based 
emissions mitigation and land cover changes in the region.  
The study finds a higher regional level mitigation potential with global trade liberalization options 
while a considerable global mitigation potential with the unilateral trade liberalization strategies. 
Global full trade liberalization on all goods is the optimum trade policy for India and the rest of 
South Asia. Since this policy creates massive deforestation and LCLUC-induced CO2 emissions at 
the global level, the unilateral partial trade liberalization on all goods is considered as the optimum 
policy for the world, given its substantial mitigation potential at both regional and global levels. 
However, agricultural intensification was evidenced to be the best strategy in land-based mitigation 
for both regional and global levels.  
 
1.2.3 How Efficient Are Market-Based Instruments to Mitigate Climate Change in South  
Asia? A Comparative Analysis of Sri Lanka and Pakistan 
This study addresses policies for emissions mitigation of energy and transport sectors in developing 
economies. Specifically, it examines the effectiveness, efficiency, and economy-wide impacts of a 
carbon tax, a fuel tax, and policy mix options using Sri Lanka and Pakistan as case studies. The 
proposed instruments are modeled using the Energy-Environmental Version of the GTAP model. 
The paper examines three research questions as follows. First, what are the effects of a carbon tax 
and a fuel tax on the economy and the environment? Second, based on these impacts, is a carbon or 
fuel tax more effective in the implementation of these countries’ Intended Nationally Determined 
Contributions (INDCs)? If not, why not? Third, is a mix of fuel and carbon taxes perhaps a better 
option? If so, what could be the optimal mix of these taxes?  
This paper makes three contributions to the literature. First, the paper’s focus on Sri Lanka and 
Pakistan provides the first comparative analysis of South Asian economies on this topic. Second, to 
the best of our knowledge, this is the first study to analyse mitigation policies for small emitter 
South Asian developing countries. Hence the findings from this study will have important policy 
implications for other small emitter developing countries. Also, this is the first study that compares 
                                                             
1 See for example studies by Faria and Almeida, 2016;  Byerlee, 2014; Meyfroidt et al., 2013; Stevenson et al., 2013; 
Villoria, 2013; Lambin and Meyfroidt, 2011; Robalino and Herrera, 2010; and Golub and Hertel, 2008).  
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the effectiveness and efficiency of all three policy instruments (carbon tax, fuel tax, and policy mix 
strategies) in a single study. Recent studies such as Calderon et al. (2016), Vera and Sauma (2015), 
Alton et al. (2014) and Kim (2014) are restricted only to the analysis of a carbon tax. Several other 
studies like Sterner (2012, 2007), Parry et al. (2007), and Innes (1996) highlight the environmental 
effects associated with the fuel tax. Asafu-Adjaye and Mahadevan (2013) compares an emissions 
trading scheme (ETS), an ETS combined with technological innovation in the renewable energy 
sector, and a fuel tax under a developed country perspective. Hence this paper provides a 
comprehensive analysis of various market-based instruments (MBIs) that can be applied as energy 
and environmental policies in these small emitter developing countries. 
The study finds carbon tax is the best policy for Sri Lanka to achieve its unconditional emissions 
mitigation target specified in INDCs. This policy associated with the least welfare deteriorating 
effect but a rise in real GDP by 0.2%. For Pakistan also, although it has a distorted market of energy 
subsidies and taxes, the carbon tax is appropriate for emissions reductions of 5% from 2011 levels 
with no adverse impact on GDP. Thus both economies can achieve their emission targets cost-
effectively, and any welfare loss can be compensated by effectively recycling the carbon tax 
revenues.  
The original contribution of this thesis is made from the simulations for the South Asian nations 
which has not been studied in the past empirical literature and the aggregations used in databases.   
1.3 Methodology 
Two types of broad empirical tools have been used in the literature for analysing climate change 
cause and effects on agriculture, land use and energy sectors. They are partial equilibrium or 
econometric models and applied general equilibrium models or CGE models. Both climate change 
cause and effects and mitigating policies are associated with direct as well as indirect effects, and 
these can have significant impacts on all the economic agents. Therefore the model has to be chosen 
to analyse overall linkages of those relationships. Since the indirect effects of policy changes are 
transmitted across the entire economy, they are not easily identified using partial equilibrium 
methods. Thus the three papers of this thesis employ the CGE modeling framework to recognize 
and quantify the economy-wide effects of climate change and mitigation policies. 
Specifically, this thesis used various versions of the GTAP model to address climate change cause 
and effects on agriculture, land use, and energy in South Asia (Hertel,1997). The GTAP was first 
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established in 1992 to provide low cost entry for the researchers involve in economy-wide analysis 
of issues related to international economics. Since then, there has been a growing popularity of the 
database and model users because of its coverage and increased demand for quantitative analysis of 
policy issues on a global basis using multi-country, multi-sector framework. Over the last two 
decades the model and its extensions have been successfully used to analyze various trade, 
environmental, and energy related impacts of the economies such as global trade liberalization 
under WTO, regional trade agreements, CO2 emissions mitigation through carbon tax policies, and 
domestic impacts of economic shocks in other regions for example, Asian financial crisis and rapid 
growth in China  
An important development of GTAP in the recent years is the introduction of the dynamic GTAP 
model that enables application of the model in two major areas, namely, environmental and 
integration issues (Ianchovichina and Walmsley, 2012). Over the period, there have been several 
extensions to the GTAP framework to evaluate many policy related issues in the global economy. 
For example, GTAP-E (Burniax and Truong, 2002) to evaluate GHG abatement policies, GTAP-
AEZ (Hertel et al., 2008) to examine land cover and land use related issues, GMig2 (Global trade 
and migration model) (Walmsley et al., 2007) to analyze labor migration issues. Furthermore, 
GTAP-POV (GTAP Poverty) (Hertel et al., 2011) is another extension to the standard GTAP 
framework to analyze poverty impacts of global economic policies. The GTAP-Power database is 
an electricity-detailed database with transmission, distribution, and several generating technologies 
to analyze the crucial role played by the electricity sector (Peters, 2016).    
The first paper uses the standard GTAP model to determine the role of trade liberalization as a 
mitigation policy for the impacts of climate change on agriculture. The model has been successfully 
used in the literature to analyse climate change and trade linkages (see Ouraich et al., 2014; 
Calzadilla et al., 2013; Hertel et al., 2010; Tsigas et al., 1997). The second paper employs the 
GTAP land use model known as GTAP-AEZ to analyse the climate change cause and effects on 
land cover and land use in South Asia. The studies of Byerlee et al., 2014; Villoria et al., 2013; 
Golub et al., 2013; Stevenson et al., 2013; Hertel et al., 2009; and Golub et al., 2009 have been used 
the GTAP-AEZ model to examine the relationships among climate change, agricultural land use, 
technological change, and GHG mitigation. The third paper uses the energy and environmental 
version of the GTAP model known as the GTAP-E model to investigate the efficiency and 
effectiveness of market-based instruments in mitigating climate change impacts caused by energy 
and transport sectors. The model has been widely used in the literature for energy policy evaluation 
(see Kim, 2014; Nijkamp et al., 2005).       
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1.4 Structure of the Thesis 
This thesis comprises five chapters. This introductory chapter is followed by three chapters 
described above. Chapter five concludes the thesis by summarizing the key findings, limitations of 
the studies, and some suggestions for future research. 
The three empirical papers in chapters two, three, and four address climate change impacts and 
mitigation policies on agriculture, land use, and energy sectors of selected South Asian economies 
respectively. As agriculture and land use for agriculture are heavily dependent on the prevailing 
climate, the changes in climate may have severe impacts on these two activities and thereby food 
production and availability for future generation. Hence the two climate-dependent activities 
considered in first two empirical papers are highly interrelated. For both papers we use trade 
liberalization as a mitigation policy. In addition to that, agricultural intensification is proposed in 
the second paper as a land-based emissions mitigation policy. It has been identified that the largest 
source of GHG emissions from human activities is the burning of fossil fuels for energy and 
transportation. Hence energy sector mitigation policies are vital for a comprehensive package of 
policies to address climate change. Having identified that, we then move to examining the 
suitability of policy options such as the carbon tax and fuel tax for GHG mitigation in our third 
paper.      
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2 
Is There a Role for Trade Liberalization in Mitigating the Impacts 
of Climate Change on Agriculture? 
 
Abstract 
Using a computable general equilibrium framework, this paper uses Sri Lanka and Bangladesh as 
case studies in examining the associated macroeconomic and sectoral impacts under low and 
medium productivity climate change scenarios. Our results indicate that a nation’s welfare 
deteriorates due to technical efficiency losses from climate change. Neither unilateral nor regional 
trade liberalization as a mitigating option improves welfare in these countries. Global full trade 
liberalization of all commodities is the optimum policy for Sri Lanka but welfare loss becomes 
more adverse. For Bangladesh on the other hand, regional partial agricultural trade liberalization is 
a better optimum delivering the least welfare deterioration. These results show that under climate 
change, countries within South Asia respond differently to climate-induced crop productivity 
changes and no one optimum policy fits all.      
 
Keywords:  Climate change, Climate-induced crop productivity, Trade liberalization, Welfare, 
Computable general equilibrium model. 
 
2.1 Introduction 
Agriculture which often plays a dominant role in most developing economies in terms of growth 
and development, is one of the most climate dependent economic activity. Hence this sector is 
likely to become most vulnerable with current and future climate change. Furthermore, developing 
countries with a large number of their rural populations entirely dependent on agriculture as the 
main livelihood, are expected to experience a substantial loss in their agricultural production due to 
climate change, and hence make them even more vulnerable.  
Substantial research effort has focused on climate change and its impacts on the economy’s welfare 
in the recent past (Tol, 2010). In the absence of a climate mitigation policy, poor countries will 
experience a 40% income reduction by the end of the century compared to its original estimate, 
which was a 12% income reduction (Hof, 2015). The role of world commodity markets as an 
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adjustment mechanism in response to the negative impacts of climate change on agriculture was 
first identified by Kane et al. (1991). It was argued that although climate change may cause varying 
effects on agricultural yields in different regions, global patterns of consumption and production 
have been altered in such a way to minimize the severity of global and domestic economic impacts 
of climate change on agriculture (ibid). In this study, we hypothesize that trade liberalization can 
serve as a mechanism for integrating world commodity markets while simultaneously offsetting the 
adverse global and local economic impacts of climate-induced crop productivity changes.           
Several studies have examined the impacts of climate change on agriculture (see Kane et al. 1991, 
Tsigas et al., 1997, Piao et al. 2010) and others such as Randhir and Hertel (2000), Reilly and 
Hohmann (1993), and Stephen and Schenker (2012) have discussed global international trade 
liberalisation as an adjustment mechanism for climate change on a regional basis. To date, there has 
not been a combination of these two key areas of research. That is, first, what are the impacts of 
climate-induced change scenarios on agriculture and other sectors, as well as the welfare of the 
economy? Second, what forms (unilateral, regional, global) of trade liberalization policies (partial 
or full; agricultural and non-agricultural) are effective in mitigating any adverse impacts arising 
from climate change scenarios? This paper makes the first attempt to undertake these anaylses to 
provide empirical evidence for two developing countries in South Asia using a computable general 
equilibrium (CGE) framework.  
South Asia is chosen because, with nearly one-fifth of the world population and prevailing poverty, 
this region has been identified as one of the most vulnerable regions to climate-induced negative 
externalities (Kumar, 2014). This region is currently experiencing the impacts of higher 
temperatures, more variable rainfall patterns, more extreme weather events, and sea-level rises. It 
has been also identified as having the most weather and climate-related disasters in the world 
between 2000 and 2008, accounting for almost 30% of global economic loss. The recent 
Intergovernmental Panel on Climate Change (IPCC)’s Fifth Assessment Report predicts that the 
decline in agricultural productivity caused by climate change will result in the largest number of 
food-insecure people being located in South Asia (Pachauri et al., 2014).  
This study focuses on Sri Lanka and Bangladesh within South Asia as the differences in terms of 
population, land size, poverty status, and vulnerability to climate change present an interesting case 
study for comparsion. Both Sri Lanka and Bangladesh are lower middle income countries but 
unlike Sri Lanka, Bangladesh is a densly populated country with high population pressure of over 
1000 persons per sq. km.  It is inhabited by nearly 9.3% of South Asia’s population while Sri Lanka 
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accounts for only 1.2%. Factors such as endemic poverty, the country’s hydrological and geo-
morphological realities and its location at the bottom of three major river systems and being bound 
on the south by the Bay of Bengal, make Bangladesh even more vulnerable to climate change. Sri 
Lanka being a small island of 65 610 sq. km in the Indian Ocean is however also vulnerable to 
continuing climate change especially with regards to sea-level rises. The poverty head count ratio in 
Bangladesh at $1.90 a day (2011 PPP) is 43.7% of its population in 2010 while it is 1.7% in Sri 
Lanka in 2012 (World Development Indicators, 2015).  
More specifically, our study addresses the following research questions: (1) What are the impacts of 
climate change on agriculture in Sri Lanka and Bangladesh?  (2) To what extent if at all, can 
unilateral, regional and global, partial or full agricultural and non-agricultural trade liberalization 
offset the welfare losses of climate change in these economies? (3) What are the macroeconomic 
impacts of climate change on agriculture and the other sectors under alternative trade liberalization 
and climate change scenarios? (4) Is there an optimum trade policy option for mitigating the 
impacts of climate change on agriculture? 
The remainder of the paper is organized as follows. Section 2.2 reviews the theoretical and 
empirical literature on the effects of climate change on agriculture and trade liberalization. Section 
2.3  describes the modelling framework underlying the standard Global Trade Analysis Project 
(GTAP) model, the database used, and simulated shocks for analyses. Results of the study are 
presented and discussed in sections 2.4 and 2.5 while section 2.6 concludes.   
 
2.2 Literature Review  
International trade theory consists of two broad approaches, the first is qualitative which determines 
the pattern of trade while the other is quantitative explaining the terms of trade (Dixit and Norman, 
1980). The former relates to the standard trade theory of comparative advantage that explains 
changes in terms of technologies (Ricardo) and endowments of production factors (Heckscher-
Ohlin-Samuelson theory).  
Comparative advantage in the agricultural sector is determined by climate and resource 
endowments. As climate change affects the existing patterns of temperature and precipitation and 
results in some new patterns, agricultural comparative advantage also changes with climate. This in 
turn leads to changes in trade flows in response to changes in climate-induced constraints and 
opportunities. However, trade restrictions act as barriers for effective functioning of this mechanism 
as it reduces the ability of producers and consumers to adjust to the changing environment. Also, it 
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is argued that unrestricted trade may not always compensate the climate-induced productivity 
losses. If there is a global net reduction in climate-induced productivity change, unrestricted trade 
cannot fully compensate the loss associated with the reduction in productivity (Nelson et al., 2009).   
Past research has focused on the impacts of climate change on agriculture or on the impacts of trade 
liberalization on agriculture, and these have been undertaken in isolation. Most of the impacts of 
climate change on agriculture have been studied at either the regional level (e.g. see Schlenker et 
al., 2010; Abler et al., 2000) or the country level (e.g. see Piao et al., 2010; Kalra et al., 2007; Seo et 
al., 2005; Smith, 1989). There have however been some global studies on both topics (see 
Calzadilla et al., 2013; Parry et al., 2004; Tsigas et al., 2007) and a good survey of studies on the 
impacts of climate change can be found in Tol (2009). Among farm level studies on climate change 
impacts on agriculture, using household level data and the Ricardian technique, Kurukulasuriya and 
Ajwad (2007) found that climate change will have a significant impact on smallholder farming 
profitability in Sri Lanka. Using panel data for Bangladesh, Iqbal and Siddique (2015) found robust 
estimates for the impact of climate change on agricultural productivity under different climatic 
projections.  
Empirical work however has yet to establish a comprehensive link between climate change and 
trade (Böhringer and Löschel, 2004). The existing sparse literature on climate change and trade has 
mostly studied the role of trade as an interregional adjustment mechanism in production and 
consumption and as an emissions reduction strategy in response to the impacts of climate change. In 
these studies, increased atmospheric CO2 concentration has been used as an indicator of climate 
change. The findings of Reilly and Hohmann (1993) suggest that interregional adjustments in 
production and consumption could serve to buffer the severity of climate change impacts on world 
agriculture and minimize the impacts of increased CO2 concentrations on domestic economies. 
Subsequent to the finding that trade may only partially compensate for climate-induced diminishing 
yields (Nelson et al., 2009), the need for well-functioning international trading system in supporting 
the climate change related challenges and trade policies has been emphasized in some studies 
(Huang et al., 2011). Julia and Duchin (2007) found that even though trade helps to satisfy the 
world demand for agricultural goods, access to food cannot be guaranteed as it is not sufficiently 
available in some regions. However, the prime objective of these studies was to analyze the role of 
trade as an adjustment mechanism of the impacts of climate change on agriculture but not the 
alternative trade policies as the mechanism of adjustment. Although there have been very few 
studies on alternative trade policies (see Ouraich et al., 2014) and some are particularly focused on 
South Asia (see Laborde, 2011), individual country focus has been absent. There is therefore a need 
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for country level studies to determine optimal trade policies in response to the threat of climate 
change particularly for the selected South Asian economies in the present study.  
Two types of broad empirical tools have been used in the literature to analyze the climate change 
and trade linkage. They are partial equilibrium (PE) or econometric models and applied general 
equilibrium (GE) models or CGE models. The former is used to establish partial statistical 
relationships on this linkage while the latter is used to analyse the overall linkages between climate 
change and trade (Truong, 2010). Both climate change and trade policies are associated with direct 
as well as indirect effects. These two policies can have significant impacts on all the economic 
agents. Since the indirect effects of policy changes are transmitted across the entire economy, they 
are not easily identified using PE methods. Therefore these effects need to be identified and 
quantified through economy-wide frameworks such as GE modeling that show the 
interrelationships between all the economic agents and relevant sectors of the economy (Dixon, 
2008). Thus the impact of climate change and the role of trade policy cannot be considered in 
isolation as there are numerous complex interrelationships and those effects are disseminated 
throughout the economy by affecting agricultural comparative advantage, production, investment 
and consumption decisions as well as welfare. 
A major development in CGE modeling in the last few years is the wide adoption of the GTAP 
model. The GTAP project was initiated by Thomas W. Hertel and his colleagues at Purdue 
University and established in 1992 (Hertel, 1997). The GTAP model utilizes the theory and 
structure of Australia’s ORANI model. In most of its implementation, it applies the GEMPACK 
software developed by Ken Pearson and his colleagues at the Centre of Policy Studies at the 
Victoria University in Australia (Harrison and Pearson, 1996). This model and its extensions have 
been extensively used in global trade analysis as well as in climate change on agriculture and trade 
linkages (see Ouraich et al., 2014; Calzadilla et al., 2013;  Hertel et al., 2010; Tsigas et al., 1997). 
Thus this paper employs the CGE framework as it provides more comprehensive and comparative 
analyses of the associated effects in the economies due to climate change and can be used to 
consider several trade policy options in mitigating the adverse impacts of climate change.   
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2.3 Modeling Framework 
 
2.3.1 The GTAP Model 
We used the standard GTAP model together with the GTAP Database Version 9 (Narayanan et al., 
2015) to estimate the impacts of climate change on agriculture and the role of trade in mitigating 
those impacts. The standard GTAP model is a comparative-static, multisector, multiregional model, 
which assumes perfect competition and constant returns to scale. The model is based on national or 
regional input-output tables and it fully tracks bilateral trade flows between all the countries in the 
database. The consumption and production of all commodities in each of the national economies are 
explicitly modeled and fully documented in Hertel (1997).      
The model is based on the standard neoclassical assumption whereby consumers maximize utility. 
There is a regional household whose expenditures are governed by an aggregate Cobb-Douglas 
utility function that allocates constant budget shares of expenditures across three types of final 
demand: private, government and savings. One advantage of this assumption is the explicit, 
empirically more acceptable indicator of welfare offered by the aggregate utility function, which is 
a key indicator used in this study. For example, it allows a rise in income following an increase in 
private consumption, government expenditure and savings. Also, it should be noted that in the 
regional household demand system, savings has been treated as a commodity because it provides a 
good proxy for future consumption in this comparative static model. This treatment also involves 
defining a price for savings (Corong et al., 2017). Private household preferences are represented 
using the non-homothetic constant difference elasticity functional form.  
Producers are assumed to maximize profits. Firms use five types of primary endowments: land, 
capital, skilled and unskilled labor and natural resources, jointly with intermediate goods to produce 
final goods for consumption. The production functions are of a Leontief structure and come from 
the nested constant elasticity of substitution family. Both the relationship between fixed and 
intermediate inputs and the relationship between the amount of intermediate inputs and output are 
fixed. Separability of primary factors and intermediate inputs and constant elasticity of substitution 
within nests are the two key assumptions used. Factor market clearing requires equilibrium in all 
primary factor markets.  
The model consists of two global sectors. The first is a global bank and the second accounts for 
international trade and transport activity. Global investments are linked to global savings through 
the global bank. This sector brings the savings and investments in the model into equilibrium. The 
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explicit treatment of international trade and transport margins is another unique feature of the 
GTAP model. Bilateral trade is specified via the Armington elasticity between imported and local 
commodities. The GTAP model can be closed by using a number of closures and the standard 
neoclassical closure is used in this study due to valid reasons. It assumes that the prices and 
quantities of non-endowment commodities and regional incomes are endogenous while policy 
variables, technical change variables, endowments, and population are exogenous.  
 
2.3.2 Aggregated Database and Shocks 
We combined 140 GTAP regions into 13 aggregates and 57 GTAP commodity sectors into 11 
aggregates, with all details of the regional and sectoral aggregation shown in Table A1 in 
APPENDIX I. Following Tsigas et al. (1997), climate change impacts on agriculture are modeled as 
Hicks-neutral technical change2 in the selected crop sectors of each region. Accordingly, if output, 
Q, is a function of two inputs, X1 and X2, exogenous technical change can be modeled as, 
                                            
𝑄
𝐴0
⁄ = 𝑓(𝑋1 × 𝐴1,    𝑋2 × 𝐴2)      (1) 
where parameters A1 and A2 represent Hicks-input augmenting technical change, while the 
parameter A0 represents Hicks-output augmenting technical change. Variables X1, X2, and Q 
represent two inputs and one output in market units. We shocked Hicks-neutral output augmenting 
technical change in response to climate change as a negative shock. Since the main focus of this 
paper is the impacts of climate change on agriculture, climate-induced negative technical change 
shocks were applied only to the major agricultural crop sectors in the aggregated database. The 
assumed climate-induced output augmented technical changes reflected in the percentage change of 
crop productivity in major crop sectors are shown in Table 2.1.  
We used the estimated productivity shocks by Hertel et al. (2010) which are based on a synthesis of 
values from the literature on climate change, crop yield responses to CO2, and various sources on 
regional crop yield responses to climate change, which were then modified according to the needs 
of the study. We considered two crop productivity scenarios: (1) the “most likely” or “central case” 
as reflected by the “medium crop productivity scenario” and (2) an “extreme case” as reflected by 
the “low crop productivity scenario”.  The latter assumes a world with rapid temperature change, 
high sensitivity of crops to warming, and a CO2 fertilization effect at the lower end of the published 
estimates.  
                                                             
2 Technical change is Hicks-neutral whenever the marginal rate of substitution between any two inputs is unaffected by the technical change. 
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Table 2.1: Productivity Shocks Considered 
Region 
 
Climate-induced Crop Productivity Changes (Measured as percentage change)  
 
Low Crop Productivity Scenario Medium Crop Productivity Scenario 
Paddy 
rice 
Wheat 
Coarse 
grains 
Oil 
seeds 
Other 
crops 
Paddy 
rice 
Wheat 
Coarse 
grains 
Oil 
seeds 
Other 
crops 
Sri Lanka -15 - -17 -10 -10 -5          - -10 -3 -3 
India -15 -10 -17 -10 -10 -5 -3 -10 -3 -3 
Pakistan -15 -10 -17 -10 -10 -5 -3 -10 -3 -3 
Bangladesh -10 -10 -17 -10 -10 -3 -3 -10 -3 -3 
Nepal -15 -10 -17 -10 -10 -5 -3 -10 -3 -3 
Rest of South Asia -15 -10 -17 -10 -10 -5 -3 -10 -3 -3 
Oceania -5 -5 -17 -10 -5 7 7 -5 2 7 
East Asia -2 -3 -10 -2 -4 7 6 -2 7 3 
Southeast Asia -10 -10 -17 -10 -10 -3 -3 -10 -3 -3 
North America -12 -10 -20 -8 -12 -3 2 -10 -4 1 
EU 25 -5 -5 -17 -5 -5 7 7 -5 7 7 
Sub-Saharan Africa -15 -15 -22 -15 -15 -3 -3 -10 -3 -3 
Rest of the World -11 -11 -17 -11 -11 -1 -1 -8 -1 -1 
Source: Modified from Hertel el al., (2010).     
Table 2.2 sets out the various types of trade liberalization scenarios considered. Partial 
liberalization refers to the removal of 50% of the import tariffs while full liberalization refers to 
total elimination of the tariffs. The specific import tariffs (measured as ad valorem equivalents) of 
Sri Lanka and Bangladesh that have been used for liberalization are detailed in Table A2 in 
APPENDIX II.    
2.3.3 Welfare Decomposition 
The welfare measurement used in GTAP is given by the equivalent variation (EV) which is 
expressed in millions of US dollars in constant 2011 prices for each regional household. The EV 
gives the money metric measure of the regional household’s income at constant prices which is 
equivalent to the proposed change. Huff and Hertel (2001) have developed a complete welfare 
decomposition facility for the GTAP model to decompose the resulting EV into six components of 
welfare contributions explained in Table 2.3. These components are changes in allocative efficiency 
(AE), technical efficiency (TE), terms of trade (TOT) and investments-savings (IS) effects. A 
formal welfare decomposition for the representative household can be found in Hanslow (2000).  
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Table 2.2: Simulation Scenarios 
Scenario Description 
LOWPROD Climate-induced low crop productivity changes (see shocks in Table 1) 
 
LUPATL 
LOWPROD + Unilateral Partial Agricultural Trade Liberalization                                                                    
(Sri Lanka and Bangladesh unilaterally eliminate source specific existing import tariffs on agricultural and 
processed agricultural commodities by 50%) 
LUPTL 
LOWPROD + Unilateral Partial Trade Liberalization                                                                                        
(Sri Lanka and Bangladesh unilaterally eliminate source specific existing import tariffs on all commodities 
by 50%) 
LRPATL 
LOWPROD + Regional Partial Agricultural Trade Liberalization                                                                     
(All South Asian regional members eliminate existing import tariffs between South Asian members on 
agricultural and processed agricultural commodities by 50%) 
LRPTL 
LOWPROD + Regional Partial Trade Liberalization 
(All South Asian regional members eliminate existing import tariffs between South Asian members on all 
commodities by 50%) 
LGPATL 
LOWPROD + Global Partial Agricultural Trade Liberalization 
(All countries eliminate existing import tariffs between all the members on agricultural and processed 
agricultural commodities by 50%) 
LGFATL 
LOWPROD + Global Full Agricultural Trade Liberalization 
(All countries eliminate existing import tariffs between all the members on agricultural and processed 
agricultural commodities by 100%) 
LGPTL 
LOWPROD + Global Partial Trade Liberalization 
(All countries eliminate existing import tariffs between all the members on all commodities by 50%) 
LGFTL 
LOWPROD + Global Full Trade Liberalization 
(All countries eliminate existing import tariffs between all the members on all commodities by 100%) 
MEDPROD Climate-induced medium crop productivity changes (see shocks in Table 1) 
 
MUPATL 
 
MEDPROD + Unilateral Partial Agricultural Trade Liberalization                                                                    
(Sri Lanka and Bangladesh unilaterally eliminate source specific existing import tariffs on agricultural and 
processed agricultural commodities by 50%) 
MUPTL 
MEDPROD + Unilateral Partial Trade Liberalization                                                                                        
(Sri Lanka and Bangladesh unilaterally eliminate source specific existing import tariffs on all commodities 
by 50%) 
MRPATL 
MEDPROD + Regional Partial Agricultural Trade Liberalization                                                                      
(All South Asian regional members eliminate existing import tariffs between South Asian members on 
agricultural and processed agricultural commodities by 50%) 
MRPTL 
MEDPROD + Regional Partial Trade Liberalization                                                                                        
 (All South Asian regional members eliminate existing import tariffs between South Asian members on all 
commodities by 50%) 
MGPATL 
MEDPROD + Global Partial Agricultural Trade Liberalization 
(All countries eliminate existing import tariffs between all the members on agricultural and processed 
agricultural commodities by 50%) 
MGFATL 
MEDPROD + Global Full Agricultural Trade Liberalization 
(All countries eliminate existing import tariffs between all the members on agricultural and processed 
agricultural commodities by 100%) 
MGPTL 
MEDPROD + Global Partial Trade Liberalization 
(All countries eliminate existing import tariffs between all the members on all commodities by 50%) 
MGFTL 
MEDPROD + Global Full Trade Liberalization 
(All countries eliminate existing import tariffs between all the members on all commodities by 100%)  
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Table 2.3: Welfare Decomposition Components 
Symbol Description 
POP Population change welfare contribution 
TOT  Terms of trade welfare contribution. This captures the effect caused by changes in the economy’s world (fob) 
prices of exported goods and services relative to its world (fob) prices of imported goods and services. 
IS  Investments savings welfare contribution. This captures the effect caused by change in the price of domestically 
produced capital investment goods relative to the price of savings in the global bank 
ENDW Domestic endowment welfare contribution. This captures the change in economy’s productive capacity caused 
by changes in quantities of factors of production (e.g.; labor, capital). 
AE Allocative efficiency welfare contribution. This captures the changes due to the excess burden of each tax 
TE Technical efficiency welfare contribution. This captures the change in economy’s effective endowments and 
productive capacity caused by changes in the productivity of factors and/or intermediate inputs. 
Source: Adopted from Hanslow (2000) and Burfisher (2011). 
 
2.4 Impact of Climate Change on Agriculture in Sri Lanka and Bangladesh  
Climate-induced crop productivity projections suggest that the highest agricultural output loss will 
be experienced by Sub-Saharan Africa followed by South Asian countries as seen in Table 2.1. In 
particular, South Asia is badly affected in terms of its staple crop of paddy rice in the projections. 
As a result of this productivity loss and given the fairly inelastic demand for agricultural and food 
commodities, Sri Lanka experiences greater agricultural losses and higher increases in producer 
prices of all of its agricultural crops except coarse grains compared to Bangladesh under the low 
crop productivity scenario (see Figure 2.1). Under both productivity scenarios, Bangladesh 
experiences a greater price increase for coarse grains than Sri Lanka. A considerable production 
loss also results in Bangladesh’s wheat under the medium productivity, while a significant increase 
in producer price can be seen in this sector under the low productivity scenario.    
Productivity changes and subsequent price changes in turn adjust trade flows to move regional 
supply and demand into equilibrium. Consequently, both countries become net importers of all the 
agricultural and processed agricultural sector, particularly, paddy rice, as seen in Figure 2.2. As a 
result, the change in the trade balance in the agricultural sector in Sri Lanka under the low crop 
productivity scenario is approximately US$441 million and for Bangladesh, it is US$894 million. 
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Climate-induced negative crop productivity also affects input reallocation to achieve equilibrium 
between the supply and demand of inputs. For instance, the decrease in crop productivity leads to 
an increase in the demand for land for key crops such as paddy rice and coarse grains, thereby 
raising land rent by 30% - 38% in both economies under the low productivity scenario as seen in 
Figure 2.3. The demand for both unskilled and skilled labour also rises to compensate for the low 
productivity in terms of maintaining the same output as shown in Figure 2.4.  
 
Figure 2.1: Output and Price Changes in Agriculture 
A. Output Changes 
 
 
 
 
 
 
 
 
 
 
 
 
B. Price Changes 
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Figure 2.2: Trade Flow Changes 
  
 
Figure 2.3: Changes in Land Rent and Demand for Land 
 
A. Land Rent  
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B.   Demand for Land 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4: Labor Demand Changes 
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Table 2.4: Welfare Impacts 
Sri Lanka Bangladesh 
Welfare Parameter                      EV = AE + TE + TOT + IS EV = AE + TE + TOT + IS 
Low Prod. Scenario                                              
(US$Millions) 
-1488.95 -49.07 -1314.28 25.22 -150.82 -3364.82 -132.9 -2412.07 -590.96 -228.89 
Percentage Change 
 Unilateral  
LUPATL -2.20 224.11 0.93 -438.74 -29.39 -0.62 39.01 0.76 -15.63 0.67 
LUPTL -0.83 394.82 1.02 -449.80 -70.34 -7.10 240.65 0.15 -88.28 -17.79 
Regional 
LRPATL -1.19 28.35 0.19 -102.26 -5.55 -0.39 -0.64 0.12 -2.96 1.03 
LRPTL 0.16 69.96 0.26 -56.62 -14.00 -2.68 9.58 0.03 -17.57 0.10 
Medium Prod. Scenario                                            
(US$Millions) 
-449.91 -14.16 -365.1 -9.6 -61.05 -839.67 -39.78 -659.34 -85.27 -55.29 
Percentage Change 
 Unilateral  
MUPATL -8.67 773.38 0.87 -1,104.48 -74.86 -3.06 127.80 0.71 -94.01 -1.86 
MUPTL -5.35 1,357.06 0.97 -1,155.21 -178.33 -28.72 746.83 0.14 -592.75 -61.08 
Regional 
MRPATL -4.66 86.37 0.18 -259.79 -14.61 -1.40 -1.58 0.12 -16.34 3.76 
MRPTL -0.62 229.52 0.25 -152.19 -35.35 -10.81 17.50 0.03 -116.92 3.09 
 
In addition, climate-induced crop productivity changes lead to increases in the CPI (due to increases 
in agricultural prices) and GDP as seen in Table 2.5. Bangladesh suffers the most with a 2.3% 
reduction in GDP under the low crop productivity while Sri Lanka experiences a GDP loss of 
0.29%. Turning to the welfare results in Table 2.4, EV deteriorates in both countries (twice more 
for Bangladesh) under both crop productivity scenarios owing to greater TE losses associated with 
climate-induced crop productivity change. It can be seen that contributions of the different sources 
to the net welfare loss are different in two economies. For example, climate-induced welfare loss 
for Sri Lanka is mainly due to the TE effect, followed by IS, AE and the TOT effect. Under the low 
productivity scenario, Sri Lanka gains through the TOT effect and has the least significant loss 
under the medium crop productivity. For Bangladesh, the welfare losses under both scenarios are 
driven largely by the TE effect, followed by the TOT, IS and AE effects. Losses for Bangladesh are 
driven mainly by TOT losses in all agricultural and processed agricultural sectors that outweigh the 
gains of TOT from textiles and wearing apparels, mining and manufacturing sectors under the low 
crop productivity. For Sri Lanka, there are TOT gains from the other crops and paddy rice sectors 
under the medium crop productivity, however the losses from all the other sectors outweigh the 
gains.   
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Table 2.5: Macroeconomic Impact Changes (%) 
Region Sri Lanka Bangladesh 
 
GDP                    
Employment       
CPI           Exports        Imports        
Trade 
Balance    
(US $ 
Mill) 
GDP                    
Employment       
CPI           Exports        Imports        
Trade 
Balance    
(US $ 
Mill) 
Skilled Unskilled Skilled Unskilled 
Low Productivity Scenario  -0.29 9.04 25.92 3.55 3.13 -0.84 568.03 -2.34 58.87 68.08 2.05 0.71 -3.75 903.06 
 
Unilateral  
LUPATL -1.70 3.21 18.92 1.89 7.78 0.90 637.77 -2.82 47.88 56.19 1.40 2.55 -2.38 854.95 
LUPTL -1.60 -1.23 15.11 1.99 8.53 2.78 297.05 -3.33 46.66 55.52 1.09 12.76 6.10 318.54 
Regional 
LRPATL -0.62 4.88 21.54 3.17 4.57 -0.21 577.47 -2.37 57.05 66.15 2.00 1.04 -3.49 886.80 
LRPTL -0.46 3.86 19.80 3.31 4.91 0.70 423.86 -2.45 56.69 65.90 1.99 3.16 -1.78 802.95 
Medium Productivity Scenario  -0.86 6.48 9.14 0.11 1.12 -0.28 192.42 -0.85 6.36 8.05 0.17 0.65 -0.45 253.78 
 
Unilateral  
MUPATL -2.17 1.32 2.91 -1.37 5.65 1.36 273.77 -1.32 -4.13 -3.23 -0.43 2.41 0.83 228.54 
MUPTL -2.10 -0.76 -0.89 -1.29 6.49 3.24 -55.81 -1.82 -4.92 -3.48 -0.75 12.71 9.53 -335.04 
Regional 
MRPATL -1.17 2.55 5.04 -0.23 2.53 0.32 205.55 -0.88 4.73 6.31 0.12 0.95 -0.20 240.46 
MRPTL -1.02 1.46 3.28 -0.09 2.92 1.23 56.29 -0.96 4.41 6.10 0.11 3.14 1.58 152.08 
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2.5 Mitigating Impacts Through Trade Liberalization 
2.5.1 Welfare Impacts 
The response to climate-induced adverse productivity shocks depends crucially on the ability of an 
economy to offset some of the welfare losses by trading in the international market (Reilly and 
Hohmann, 1993). For each unilateral and regional trade liberalization options defined in Table 2.2, 
Table 2.4 shows that a positive value over 100% indicates a full offsetting of the climate-induced 
welfare loss and an additional gain. On the other hand, a negative value indicates a worsening of the 
welfare loss experienced under the climate change scenario.   
Under the unilateral trade liberalization option, both countries suffer further worsening of the net 
welfare loss especially because of greater TOT losses that overweigh the associated AE gains. But 
unilateral partial (agricultural) trade liberalization has a lower climate-induced welfare loss for Sri 
Lanka (Bangladesh). Under a regional trade liberalization scenario, Sri Lanka and Bangladesh 
experience considerably less reduction in welfare loss deterioration compared to unilateral trade 
liberalization. Nevertheless, except for regional partial trade liberalization under low crop 
productivity in Sri Lanka, all the other regional trade liberalization options further reduce initial 
welfare loss caused by climate-induced crop productivity changes. Although regional partial 
agricultural trade liberalization in Bangladesh has AE losses under both scenarios, this is the trade 
liberalization option which has the least EV deterioration (0.4% and 1.4% under low and medium 
crop productivity scenarios respectively) for this economy relative to all the unilateral and regional 
trade liberalization options reviewed so far. Regional partial agricultural trade liberalization under 
low crop productivity has large TOT losses from the agricultural sectors and some TOT gains from 
the non-agricultural sectors such as mining, manufacturing, and the textiles and wearing apparel 
sectors. The reverse is seen under the medium crop productivity where this same trade option leads 
to TOT losses from the non-agricultural sector and some TOT gains from the agricultural sector.  
2.5.2 Macroeconomic Impacts  
All trade liberalization options adopted with climate change scenarios have an overall negative 
effect on GDP in both economies and the magnitudes are greater than the respective crop 
productivity change only scenarios. The GDP reductions vary from -0.5% to 2.2% for Sri Lanka 
and -0.9% to 3.3% for Bangladesh given the type of trade liberalization option adopted. Bangladesh 
suffers the most under the low productivity scenario and with adopted trade policy options while Sri 
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Lanka suffers the most with the medium crop productivity scenario and with respective trade policy 
options.  
 
Both economies are worse off with unilateral trade liberalization, particularly with partial 
agricultural trade liberalization in Sri Lanka and with partial trade liberalization in Bangladesh. The 
decline in GDP is caused by the greater relative decline in consumption, investment and 
government expenditure components that overweighs the growth in trade balance. However, for Sri 
Lanka, regional partial trade liberalization option has the least relative GDP decline in both 
scenarios while, regional partial agricultural trade liberalization option has a similar impact in 
Bangladesh. 
Trade liberalization causes a considerable increase in overall employment in both countries under 
most of the trade liberalization options. For Bangladesh in particular, the increases in skilled and 
unskilled labour are substantial under the low productivity scenario. Changes in the CPI following 
trade liberalization reveal that consumer prices do not change much as under climate change only 
scenarios in both economies. Trade liberalization however causes increased demand for imported 
commodities, whose prices change at a different rate. Unilateral and regional trade liberalization are 
found to have a positive impact on the overall trade share in both economies relative to climate-
induced crop productivity only scenarios. Except for unilateral partial trade liberalization following 
climate-induced medium crop productivity in both countries, all the other cases are associated with 
a higher increase in exports relative to imports, resulting in an improvement in the trade balance.   
2.5.3 Sectoral Impacts 
So far, it has been established that regional trade liberalization is more beneficial for these two 
economies compared to unilateral trade liberalization. Therefore, it is worth considering the impacts 
of regional trade liberalization on different sectors. Results for the key sectors of both economies 
under the two crop productivity scenarios and the regional trade liberalization option are shown in 
Table 2.6, which reports the percentage change in these variables relative to the baseline scenario.  
On average, the aggregate export price index increases in all the agricultural and processed 
agricultural sectors in both economies which offset the rise in import prices. Both domestic and 
export sales decline in response, however, resulting in a decline in domestic sales which is more 
than the decline in export sales. The overall impact of reduced domestic sales and the increase in 
export and import price lead to increased domestic demand and output prices. Domestic prices 
  Chapter 2: Climate Change & Agriculture 
29 
 
increase relative to import prices in all agricultural and processed agricultural sectors (see columns 
4 and 10, in Table 2.6). Therefore, consumers in the two economies substitute agricultural 
commodities for imports. 
In Sri Lanka, the above situation is more prominent for paddy rice and the other crops sectors which 
are characterized by a greater increase in the ratio of domestic to import prices under both crop 
productivity scenarios. In general, all the agricultural and processed agricultural sectors show 
higher percentage change values for this variable under the regional trade liberalization options 
compared to its relative crop productivity change scenarios. This implies that increased 
substitutability of domestic agricultural commodities for imports under trade liberalization could 
offset the high domestic prices faced by the consumers. With regional trade liberalization, imports 
increase more than the decline in exports (see columns 5 and 6 in Table 2.6). We observe a highly 
significant impact for paddy rice followed by the other crops and processed agricultural sectors. At 
the same time, regional trade liberalization lessens the contraction of agricultural sector exports 
caused by climate-induced crop productivity changes, thereby increasing the volume of agricultural 
trade. Furthermore, industry value added is attenuated for almost all the agricultural commodities 
especially coarse grains following trade liberalization, in contrast to the climate-induced crop 
productivity scenarios.       
The textiles and apparel sector, a major export earner in Sri Lanka, responds in the opposite 
fashion. Import prices increase relative to domestic prices, resulting in a decline in the ratio of 
domestic to import prices. Exports rise faster than imports, making Sri Lanka a net exporter in this 
sector. Overall, regional trade liberalization increases exports and value added in this sector 
favourably compared to the baseline scenario. Under regional trade liberalization, Sri Lanka’s 
textiles and apparels become more competitive, leading to increase in the share of export sales (see 
Figure 5A). It could be concluded that regional trade liberalization favors reallocation of exports 
from the inward-oriented agricultural sector to the export-oriented industrial sector, which is largely 
driven by the textiles and apparel sector in this economy. This effect is more pronounced for trade 
liberalization under low crop productivity than for trade liberalization under medium crop 
productivity. Turning to the labour market, it can be seen that, in general, regional trade 
liberalization does not lead to a significant increase in employment of skilled and unskilled labour 
relative to the climate-induced crop productivity scenario.  
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Table 2.6: Sectoral Impact Changes (%) 
Scenario Commodity 
Sri Lanka Bangladesh 
Industry 
Value 
Added   
Ratio of 
Domestic to 
Imported 
Prices  
Exports        Imports        
Employment  Industry 
Value 
Added   
Ratio of 
Domestic to 
Imported 
Prices  
Exports        Imports        
Employment  
Skilled Unskilled Skilled Unskilled 
Low Productivity 
Scenario  
Paddy rice 11.52 9.03 -59.15 47.02 16.86 16.19 6.43 11.28 10.96 64.40 11.85 11.50 
Coarse grains 16.12 -0.83 -5.81 -5.58 22.27 21.57 15.63 1.73 -9.87 -2.68 22.73 22.35 
Other crops 3.24 5.55 -17.53 7.18 7.23 6.61 7.31 2.69 1.59 1.94 12.88 12.53 
Processed Agriculture -5.80 2.93 -16.97 0.30 -5.78 -7.90 -5.25 2.03 -17.14 0.20 -5.71 -6.86 
Textiles and Clothing 8.31 -2.11 12.73 5.27 9.25 6.27 -0.69 -0.42 -0.49 -2.43 0.20 -1.28 
R
e
g
io
n
a
l 
LRPATL 
Paddy rice 11.45 12.17 -52.73 68.10 16.68 16.01 6.41 11.16 12.21 63.50 11.75 11.41 
Coarse grains 15.51 3.16 -3.47 -2.17 21.44 20.75 15.79 1.56 -9.69 -2.74 22.84 22.46 
Other crops 3.11 11.40 -11.44 18.54 6.98 6.37 7.15 3.75 5.18 3.92 12.61 12.27 
Processed Agriculture -5.87 4.61 -14.26 4.39 -5.83 -7.92 -5.27 2.28 -15.79 0.76 -5.74 -6.88 
Textiles and Clothing 8.79 -2.21 13.44 5.60 9.75 6.80 -0.42 -0.47 -0.21 -2.36 0.46 -1.01 
LRPTL 
Paddy rice 11.26 12.20 -52.93 68.33 16.32 15.69 6.33 11.27 11.47 64.17 11.67 11.32 
Coarse grains 15.58 3.22 -3.76 -2.09 21.39 20.72 15.75 1.53 -9.88 -2.81 22.81 22.43 
Other crops 3.02 11.49 -11.98 18.70 6.77 6.19 7.36 3.91 4.58 4.64 12.88 12.53 
Processed Agriculture -6.06 4.87 -15.44 4.73 -6.13 -8.13 -5.35 2.32 -15.99 0.77 -5.89 -7.04 
Textiles and Clothing 7.83 -1.95 12.08 4.98 8.66 5.86 0.46 1.28 2.34 3.57 1.32 -0.18 
Medium 
Productivity 
Scenario  
Paddy rice 4.23 2.99 -37.41 14.99 5.07 4.98 1.98 11.19 -20.22 69.18 2.91 2.85 
Coarse grains 9.56 -0.48 -8.02 -2.25 11.02 10.92 9.41 0.80 -12.64 -0.85 11.24 11.17 
Other crops -0.35 2.71 -14.57 5.28 -0.02 -0.11 0.68 3.50 -12.00 6.13 1.46 1.40 
Processed Agriculture -1.10 0.16 -2.68 -0.75 -0.99 -1.34 -1.31 0.50 -5.08 0.09 -1.46 -1.68 
Textiles and Clothing 2.57 -0.57 3.97 1.71 2.84 2.40 0.51 -0.06 0.73 0.03 0.68 0.40 
R
e
g
io
n
a
l 
MRPATL 
Paddy rice 4.16 6.61 -29.97 35.98 4.90 4.81 1.96 11.08 -19.36 68.28 2.82 2.76 
Coarse grains 8.98 3.50 -5.82 1.18 10.28 10.19 9.55 0.65 -12.46 -0.91 11.32 11.26 
Other crops -0.49 8.30 -8.55 16.13 -0.24 -0.33 0.50 4.54 -8.90 8.07 1.20 1.14 
Processed Agriculture -1.19 1.93 0.29 3.65 -1.06 -1.39 -1.33 0.77 -3.69 0.70 -1.50 -1.71 
Textiles and Clothing 3.05 -0.67 4.67 2.04 3.34 2.92 0.75 -0.10 0.97 0.10 0.90 0.64 
MRPTL 
Paddy rice 3.95 6.63 -30.34 36.13 4.57 4.50 1.87 11.18 -19.81 68.90 2.75 2.69 
Coarse grains 9.04 3.56 -6.09 1.26 10.24 10.17 9.53 0.60 -12.62 -0.99 11.32 11.25 
Other crops -0.58 8.39 -9.11 16.29 -0.44 -0.50 0.70 4.69 -9.35 8.79 1.44 1.38 
Processed Agriculture -1.41 2.19 -1.12 3.98 -1.40 -1.64 -1.41 0.81 -3.93 0.71 -1.66 -1.88 
Textiles and Clothing 2.18 -0.42 3.45 1.48 2.35 2.04 1.65 1.69 3.62 6.33 1.77 1.49 
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Figure 2.5: Performances in Textiles and Apparels Sector 
 
A.  Share of Value of Exports   
 
 
B. CIF World Price 
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The simulation results for Bangladesh generally show trends similar to those observed for Sri Lanka 
except for exports of paddy rice, other crops, coarse grains, and textiles and apparel. Even though 
Bangladesh is a net importer for most of its agricultural commodities, regional trade liberalization 
appears to favor the expansion of exports especially for paddy rice, coarse grains and other crops 
for the low crop productivity scenario but the effects are relatively smaller for the medium crop 
productivity scenario (see column 11 in Table 2.6). The textiles and apparel industry in Bangladesh 
shows mixed results for the two regional trade liberalization options considered. With regional 
partial agricultural trade liberalization, the import price of this sector increases relative to domestic 
price, resulting in a decline in the ratio of domestic to import price (see column 10 in Table 2.6). 
Consequently, exports expand and imports contract (see columns 11 and 12 in Table 2.6) relative to 
the crop productivity scenarios. However, with regional partial trade liberalization, the domestic 
price of this sector increases relative to its import price; thus, the ratio of domestic to import price 
rises. As a result, imports expand relative to exports.  
Comparing the performances of the textiles and apparels sector in the two economies, we observe 
that regional trade liberalization tends to enhance the competitiveness of Sri Lanka’s exports to its 
major markets of North America and EU more than it does to Bangladesh’s exports to the same 
markets. This is driven by reductions in Cost, Insurance and Freight (CIF) world price of textiles 
and apparels supply from these countries to North America and EU (see Figure 2.5B). Accordingly, 
Sri Lanka has a higher share of the value of export sales under both crop productivity and trade 
liberalization scenarios compared to Bangladesh (see Figure 2.5A). Regional partial agricultural 
trade liberalization leads to an increase in export sales relative to the crop productivity scenarios, 
whereas regional partial trade liberalization results in a decline. Although Bangladesh shows some 
progress on the share of export sales under the crop productivity and regional trade liberalization 
scenarios relative to the baseline scenario, both regional trade liberalization options favor the 
expansion of the share of export sales relative to its crop productivity scenarios. More specifically, 
regional partial trade liberalization results in a larger share of export sales for Bangladesh.   
2.5.4 Optimum Trade Policy Options 
As of now, our findings suggest that neither unilateral nor regional trade liberalization policies 
applied to Sri Lanka and Bangladesh result in sufficient welfare gains to offset the welfare losses 
caused by climate-induced crop productivity changes. Instead they further deteriorate the initial 
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welfare losses associated with climate change. However, as trade theory suggests that free trade 
should be the best policy, we evaluated the following scenarios (1) global partial agricultural trade 
liberalization, (2) global full agricultural trade liberalization, (3) global partial trade liberalization 
and, (4) global full trade liberalization. We defined the optimum trade policy as the alternative trade 
policy option that could offset most of the welfare losses triggered by climate-induced crop 
productivity changes in these economies and report the results in Table 2.7. 
Table 2.7: Optimum Trade Policy Scenarios for Mitigation 
Country Crop Productivity Scenario Optimum Trade Policy Scenario Welfare Impacts 
Sri Lanka 
Low Crop Productivity  Global Full Trade Liberalization  Loss is offset by 36.98% 
Medium Crop Productivity Global Full Trade Liberalization 
Loss is fully offset and welfare gains 
increase by 14.3% 
Bangladesh 
Low Crop Productivity 
Regional Partial Agricultural Trade 
Liberalization 
Loss further deteriorates by 0.39% 
Medium Crop Productivity 
Regional Partial Agricultural Trade 
Liberalization 
Loss further deteriorates by 1.4% 
Among these options, we find global full trade liberalization to be the optimum trade policy option 
for Sri Lanka. On the other hand, all the global trade policy options for Bangladesh further 
deteriorate the initial welfare loss caused by climate-induced crop productivity changes and those 
values exceed the respective welfare loss deteriorations under unilateral and regional trade 
liberalization. Since all the unilateral, regional and global trade policy options further worsen the 
climate-induced welfare losses in Bangladesh, on the basis of welfare losses, we find regional 
partial agricultural trade liberalization to be the optimum trade policy for this economy that results 
in the least worsening of initial welfare loss.  
2.6 Conclusions 
This paper hypothesized that trade liberalization can serve as a vital tool in offsetting the adverse 
welfare impacts of climate-induced crop productivity changes. Using the GTAP model, for the 
unilateral and regional alternative trade liberalization options, the study found that there were 
insufficient welfare gains to offset climate-induced welfare losses and instead, adverse effects on 
GDP were seen.  
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On a sector specific basis, a greater contraction in agricultural exports and lesser expansion in 
industrial exports (especially textiles and apparels) with climate-induced crop productivity changes 
was observed. With unilateral and regional trade liberalization, the above negative impacts were 
relatively less. The sector benefiting the most from trade liberalization policies for both countries 
was textiles and apparels, which showed a considerable expansion particularly for Sri Lanka. 
Overall, trade liberalization under climate change increased the demand for paddy rice and other 
crops for both Sri Lanka and Bangladesh but less so for Bangladesh due to its relatively low import 
tariffs rates compared to Sri Lanka. In terms of an optimum trade policy, it was found that global 
full trade liberalization works for Sri Lanka but not for Bangladesh. However, regional partial 
agricultural trade liberalization was relatively better for Bangladesh as it was associated with the 
least welfare deterioration. Thus there is no one size fits all policy for trade liberalization to mitigate 
climate change impacts and sometimes a restricted trade liberalization regime may be a second best 
option.  
Similar to any study, this study has some limitations. First, the standard GTAP model is a 
comparative static model and does not incorporate the dynamics associated with climate-induced 
crop productivity changes such as flexibility in resource endowments, production and consumption 
patterns, capital returns, international capital flows, savings and investments. Second, the 
aggregated nature of the database does not make it possible to consider some of the key agricultural 
sectors of the two economies in isolation. Third, there are many parameters in the GTAP model 
which are assumed and are uncertain to some degree such as yield response to productivity shocks, 
elasticity of substitution between inputs, and export and import price elasticities, all of which will 
affect the model results. The choice of models and modeling tools that address these limitations 
may contribute to provide more robust results.  One area of future research could focus on relaxing 
the standard GTAP assumption of a representative household to incorporate data on income deciles 
from household surveys to examine the distributional impacts of poverty and income inequality to 
shed light on the welfare of an economy’s citizens.    
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APPENDIX I 
Table A1: Regional and Sectoral Aggregation 
Aggregated 
Regions 
Countries Included Aggregated Sectors Commodities Included 
1. Sri Lanka 
 
1. Paddy rice 
 2. India 
 
2. Wheat 
 3. Pakistan 
 
3. Coarse grains 
 4. Bangladesh 
 
4. Oil seeds 
 5. Nepal 
 
5. Sugar cane, Sugar beet 
 6. Rest of South Asia 6. Other Crops Vegetables, fruits, nuts, Plant based fiber, 
Crops nec1 
7. Australia, New  
    Zealand 
Australia, New Zealand, Rest of 
Oceania 
7. Livestock Cattle, Sheep, Goats, Horses, Animal 
products, Raw milk, Wool, Silk-worm 
cocoons, Meat: Cattle, Sheep, Goats, 
Horses 
8. East Asia China, Hong Kong, Japan, Mongolia, 
Taiwan, Brunei Darussalam, Rest of 
East Asia 
8. Processed Agricultural 
Commodities 
Fishing, Meat products nec, Vegetables, oils 
and fats, Dairy products, Processed rice, 
Sugar, Food products nec, Beverages and 
tobacco products, Leather products  
9. Southeast Asia Indonesia, Lao Republic, Malaysia, 
Philippines, Singapore, Thailand, 
Vietnam, Rest of Southeast Asia  
9. Textiles and Clothing Textiles, Wearing apparel 
10. North    
     America 
Canada, United States of America, 
Mexico, Rest of North America 
10. Mining and Manufacturing Wood products, Paper products, publishing, 
Petroleum, coal products, Chemical, rubber, 
plastic products, Mineral products nec, 
Ferrous metals, Metals nec, Metal products, 
Motor vehicles and parts, Transport 
equipment nec, Electronic equipment, 
Machinery and equipment nec, 
Manufactures nec. 
 
11. European  
      Union 25 
Austria, Belgium, Cyprus, Czech 
Republic, Denmark, Germany, 
Estonia, Finland, France, Greece, 
Hungary, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, 
Netherland, Poland, Portugal, 
Romania, Slovenia, Slovakia, Spain, 
Sweden, United Kingdom 
    
11. Services Electricity, Gas manufacture, distribution, 
Water, Construction, Trade, Transport nec, 
Sea transport, Communication, Financial 
services nec, Insurance, Business services 
nec, Recreation and other services, 
PubAdmin/Defense/Health/Education, 
Dwellings. 
12. Sub-Saharan  
      Africa 
Benin, Burkina, Faso, Cameroon, 
Cote d' lvoire, Ghana, Guinea, 
Nigeria, Senegal, Togo, Rest of 
Western Africa, South Central Africa, 
Ethiopia, Kenya, Madagascar, 
Malawi, Mauritius, Mozambique, 
Rwanda, Tanzania, Uganda, Zambia, 
Zimbabwe, Rest of Eastern Africa, 
Botswana, Namibia, South Africa, 
Rest of South African Customs 
 
  
13. Rest of the  
      World 
All the other countries not mentioned 
above 
  
  
Note: 1 stands for not elsewhere classified.  
Source: Authors’s aggregation using GTAP database Version 9. 
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Table A2a: Advalorem Tariff Rates of Sri Lanka (%) 
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Paddy rice 16.4 16.5 0.0 0.0 0.0 0.0 0.0 0.0 15.6 0.0 0.0 14.3 
Wheat 16.5 0.0 0.0 0.0 0.0 16.8 0.0 8.3 16.8 0.0 4.2 16.5 
Coarse grains 19.0 0.0 0.0 0.0 0.0 19.6 29.7 0.0 8.3 0.0 4.3 8.5 
Oil seeds 29.9 0.0 30.0 0.0 0.0 22.5 29.3 5.6 0.0 0.0 4.3 27.2 
Sugar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Other crops 27.8 40.2 69.9 8.0 8.5 11.1 24.8 35.8 12.6 52.3 29.7 31.0 
Livestock 16.4 1.6 0.0 0.0 4.1 25.1 6.1 16.7 13.6 12.3 5.9 3.8 
Processed Agriculture 14.6 31.6 18.3 2.2 6.0 32.3 17.1 35.3 27.0 36.1 60.3 17.3 
Textiles and Clothing 0.1 0.0 3.3 0.0 5.9 5.7 1.9 2.2 1.8 1.2 8.7 2.1 
Minerals and mining 8.0 0.8 5.7 0.3 5.2 4.5 10.6 6.5 5.6 5.2 2.6 2.0 
Services 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
Table A2b: Advalorem Tariff Rates of Bangladesh (%) 
Commodity 
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Paddy rice 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.0 0.0 2.4 
Wheat 0.0 5.0 5.0 0.0 0.0 5.0 0.0 5.0 5.0 5.0 3.8 5.0 
Coarse grains 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.4 3.1 0.0 0.5 0.3 
Oil seeds 4.0 4.1 4.7 0.0 0.0 0.0 2.0 5.0 0.0 0.0 3.9 0.0 
Sugar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Other crops 20.2 7.2 1.1 5.0 24.5 2.6 16.6 16.1 1.5 3.6 8.7 11.9 
Livestock 0.0 8.6 11.3 11.9 0.0 16.6 11.6 19.0 12.1 11.5 5.0 23.1 
Processed Agriculture 19.7 4.8 5.2 3.0 24.5 23.7 19.2 10.2 15.9 16.0 9.4 5.1 
Textiles and Clothing 23.3 17.6 21.1 23.9 0.0 18.6 22.0 16.8 11.6 17.7 9.2 14.6 
Minerals and mining 14.9 12.4 9.7 11.5 6.8 4.2 11.3 11.6 6.6 6.5 7.5 7.8 
Services 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Source: GTAP Database Version 9, Base year 2011 
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3 
Addressing Climate Change Cause and Effect on Land Cover and 
Land Use in South Asia3 
 
Abstract 
 
This paper evaluates the role of trade liberalization and agricultural intensification in mitigating 
climate change cause and effects on land use and emissions using a computable general equilibrium 
model. Our results indicate that cropland expansion triggered by climate-induced crop productivity 
changes results in deforestation and increases emissions in South Asia and globally. Global full 
trade liberalization on all goods is the optimum policy for South Asia despite significant global 
deforestation, but for the world, unilateral partial trade liberalization on all goods is a more 
appropriate policy while ensuring a considerable emissions reduction for South Asia. These results 
indicate that mitigation responses to climate change are location specific and no one trade policy is 
suitable at the regional and global levels. Lastly, agricultural intensification by improving 
productivity growth is the best strategy in land-based emissions mitigation, thereby avoiding the 
transformation of forest and pasture lands for agricultural cultivation both at regional and global 
levels.  
 
Key Words: Land use, Trade liberalization, Agricultural intensification, Climate change,    
                     Computable general equilibrium model 
 
 
3.1 Introduction 
 
Climate change and rising population exacerbate the competition for land resources. A primary 
form of land conversion is the expansion of cropland and pasture from forestry, mostly to fulfill the 
growing demand for food. The future is expected to see a continuation of this transformation which 
is also driven by the impacts of climate change on agriculture. Although land-use affects climate 
                                                             
3 Dissanayake, S., Asafu-Adjaye, J. and Mahadevan, R., 2017. Addressing climate change cause and effect on land 
cover and land use in South Asia. Land Use Policy, 67, pp.352-366. 
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change with greenhouse gas (GHG) emissions triggered by deforestation, climate change will also 
affect future land cover and land use with climate-induced negative impacts on agricultural 
productivity. Thus a key challenge for sustainability is how to feed a massive population while 
preserving forest ecosystems and their services, particularly in developing countries.     
  
While the Intergovernmental Panel on Climate Change (IPCC, 2014) notes that, around 24% of all 
GHG emissions are produced from the land-use sector, Vermeulen et al. (2012) explain that 6 to 
18% of GHG emissions are due to land-cover and land-use change (LCLUC). This has led to the 
recognition that global climate change mitigation is incomplete in the absence of a land-use induced 
emissions reduction policy (Scherr et al., 2009). Among the land-use strategies, agricultural 
intensification4 rather than cropland expansion has been identified as the best strategy allowing 
global demand for food to be supplied mostly from existing agricultural land (Byerlee et al., 2014; 
Firbank et al., 2008). This enables the preservation of the world’s remaining forests and limits the 
losses of biodiversity and GHG emissions induced by deforestation. This is based on the theory that 
technological change improves the productivity of existing agricultural land so that it saves the 
conversion of forest ecosystems into agricultural lands (Stevenson et al., 2013). However, the 
empirical literature suggests that the role of agricultural intensification in minimizing cropland 
expansion and deforestation is not identical at local, regional, and global levels. For example, a net 
saving of land at the global scale may be a result of cropland expansion at the local level (Byerlee et 
al., 2014) which affects local deforestation and increases LCLUC induced emissions. 
 
The literature has also identified trade policy reforms as having a substantial role in determining the 
pattern of land use (Golub and Hertel, 2008; Niklitschek, 2007), allowing changes in LCLUC-
induced emissions. In fact, global markets are thought to serve as an adjustment mechanism in 
response to the adverse impacts of climate change on agricultural production, thus altering the 
global patterns of consumption and production (Tobey et al., 1992). These changes lead to land-use 
changes in different regions, and thus LCLUC-induced emissions. On the other hand, agricultural 
output and input prices as well as transportation costs are among the key determinants of the trade-
deforestation nexus (Robalino and Herrera, 2010). When trade liberalization occurs, local 
agricultural prices increase, leading to cropland expansion and increased local deforestation for land 
use in agriculture, resulting in an increase in LCLUC-induced emissions. Countries with higher 
comparative advantage in producing agricultural and timber goods are the ones that are most 
affected with increases in trade (Robalino and Herrera, 2010). In this study, we hypothesize that 
                                                             
4 This can be technically defined as an increase in agricultural output per unit of input (FAO, 2008).   
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trade liberalization and agricultural intensification can serve as mechanisms for mitigating LCLUC-
induced emissions while simultaneously offsetting the adverse impacts of climate-induced crop 
productivity changes on agricultural production.  
The effects of agricultural intensification and trade liberalization on land use, GHG mitigation or 
deforestation have been extensively analysed as separate investigations in the recent literature (e.g., 
see Faria and Almeida, 2016;  Byerlee, 2014; Meyfroidt et al., 2013; Stevenson et al., 2013; 
Villoria, 2013; Lambin and Meyfroidt, 2011; Burney, 2010; Robalino and Herrera, 2010; Golub 
and Hertel, 2008) but they have been undertaken as separate studies. However, to the best of our 
knowledge, no previous study has integrated and analysed these two issues within a single 
framework. The paper addresses the following key research questions. First, what are the impacts of 
climate-induced change scenarios on land-use changes and LCLUC-induced emissions? Second, 
what forms (unilateral, regional, global) of trade liberalization policies (partial or full; agricultural 
and non-agricultural) are effective in mitigating LCLUC-induced emissions and deforestation 
caused by climate change? Third, what are the impacts of agricultural intensification on LCLUC-
induced emissions? Fourth, is there any optimum trade policy option for mitigating the impacts of 
climate change on LCLUC and emissions? Fifth, what is the potential impact of technological 
change as a mechanism to reduce LCLUC-induced CO2 emissions and deforestation on agricultural 
crops? This paper is the first attempt to consider these various dimenisons to provide a 
comprehensive analysis based on empirical evidence from a computable general equilibrium (CGE) 
model of land use, using South Asia as a case study.   
 
We chose South Asia as a region to investigate for the following reasons. This is a region where 
nearly a quarter of the world’s population dwells on only 3.7% of the world’s total land area (Food 
and Agricultural Organization (FAO), 2014). Global climate change predictions indicate that South 
Asia will be one of the areas most affected by global warming. By 2100, temperatures are expected 
to rise on average by 20C in some parts and 40C in others (World Bank, 2009, 2013). With a huge 
cumulative population by 2050 that will exceed China’s, this region is likely to accelerate the 
current LCLUC with significant impacts on the ecosystem (Vadrevu et al., 2015). Agriculture is not 
only the primary form of land use in South Asia amounting to 50% of the total area (FAO, 2014), 
but this region is experiencing expansion and intensification of cropland and shrinking forest and 
pasture lands coupled with higher population growth and poverty (Mitra and Sharma, 2010). Under 
a more likely climate–induced crop productivity scenario, South Asia’s productivity of major crops 
will decline significantly, which is second only to Sub-Saharan Africa (Hertel et al., 2010). The 
recent IPCC Fifth Assessment Report predicts that the decline in agricultural productivity caused by 
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climate change will result in the largest number of food-insecure people being located in South Asia 
(Pachauri et al., 2014). 
The remainder of the paper is organized as follows. Section 3.2 reviews the releveant theoretical 
and empirical literature related to this study, with an emphasis on the economic models of land-use.  
Section 3.3 describes the modeling framework underlying the Global Trade Analysis Project 
(GTAP)-Agro-Ecological Zones (AEZ) model, the database used, and simulated shocks for 
analyses. Results of the study are presented and discussed in section 2.4 while section 2.5 
concludes.  
 
3.2 Literature Review 
The nature of land use in any particular location is strongly influenced by climate. In particular, the 
agriculture and forestry sectors are very vulnerable to climate change, which will alter the relative 
productivity of lands. Land use affects climate change in three ways. First, land use patterns 
influence GHG emissions; second, land use is important in assessing the impacts of climate change; 
and third, land use is necessary for the reduction of GHG emissions (Hertel et al., 2008). With 
approximately 80% of the crop and pasture lands expanding by replacing forests, particularly in the 
tropics (Gibbs et al., 2010), land-cover change has become a significant source of CO2 emissions 
(Vermeulen et al., 2012). In the period 1750 to 2011 forestry and other land use accounted for about 
a third of anthropogenic CO2 emissions, whilst they accounted for about 12% of emissions from 
2000 to 2009 (IPCC, 2015).  
A number of empirical studies indicate that regional agricultural production could be significantly 
affected by climate change, especially in the poorer regions of the world. For example, Hertel et al. 
(2010), Laborde (2011) and Knox et al. (2012) projected the impacts of climate change on 
agricultural production in various regions including South Asia and found significant declines in 
crop yields by the 2050s. More recently Bandara and Cai (2014) and Cai et al. (2016) have analysed 
the impacts of climate-induced productivity changes on food production and prices in South Asian 
countries and found signficant adverse effects. A decline in crop productivity has further 
implications for land-use changes in the sense that additional land has to be brought into production 
to maintain output which increases the rate of deforestation. Recent empirical studies suggest that 
land-based mitigation could represent a cost-effective portfolio of mitigation strategies for long-
term climate stabilization (Hertel et al., 2008; Ahammad et al., 2012).  
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Past empirical studies have either focused on the role of trade liberalization on land use and GHG 
mitigation or the impacts of agricultural intensification driven by technological change on land use 
and GHG mitigation. Research on the role of trade liberalization has however produced mixed 
results. The spatial adjustment of agriculture to the productivity of land is the theoretical basis for 
forest transition. Thus international trade can improve these changes between land use and the 
productive potential of different regions (Mather and Needle, 1998). Empirical evidence shows that 
trade openness is a primary determinant of deforestation in some parts of the world given the 
possibility that international trade can generate economic incentives. For example, the potential 
increase in profitability associated with the production of particular crops has been an incentive 
(Faria and Almeida, 2016). On the other hand, incentives such as real exchange rate depreciation 
have led to an expansion of afforested land in some regions showing the controversy of the role of 
trade liberalization (Niklitschek, 2007).  
Since trade liberalization leads to lower global costs of food, regions with comparative advantage in 
agricultural production such as Latin America and China will export more agricultural crops, 
causing deforestation and significant additional amounts of CO2 emissions (Verburg et al., 2009). 
However, regions with a comparative disadvantage such as South Asia and North Africa, face the 
highest increases in imports, and thus lower their CO2 emissions due to trade liberalization. Hence 
in the absence of regulations, trade liberalization leads to higher economic benefits at the expense 
of the environment and climate (Schmitz et al., 2012). Similar studies show that trade liberalization 
leads only to small land-use shifts in Europe but dramatic changes in Africa and other developing 
regions, resulting in more negative environmental implications (Van Meijl et al., 2006). Thus trade 
plays a significant role in determining the countries in which deforestation is likely to occur (Golub 
and Hertel, 2008). Given the spatial and commodity-wise variations, there is a need for regional and 
commodity-focused analysis of different types of liberalization options, as well as detailed 
assessments of the combined economic environment impacts before any general conclusion for the 
effects of trade liberalization on LCLUC can be drawn (Verburg et al., 2009).           
World agriculture shows a distinct transition regarding the contribution of extensive (cropland 
expansion) and intensive (crop intensification) margins to total agricultural production. Before the 
beginning of the 20th century, production increases in agriculture had been made mainly through the 
extensive margin. However, this drastically changed by the end of the century as almost all 
improvements were coming through agricultural intensification (Ruttan, 2002). From an empirical 
point of view, however, the relationship between agricultural intensification and land saving or 
deforestation is mixed and not clear-cut. There are two conflicting views on this relationship. One is 
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the Borlaug hypothesis (Borlaug, 2002) in which agricultural innovation leads to land saving, and 
the other is the Jevons paradox which hypothesizes that such changes lead to increased land use and 
associated emissions (Hertel, 2012). The former is evident in some studies in which a positive 
correlation between agricultural intensification and land saving has been reported (e.g., Stevenson 
et al., 2013 and Ewers et al., 2009). Nevertheless, in other studies, agricultural intensification and 
yield increase have led to the Jevons paradox causing deforestation as the productivity gains make 
agricultural activity more profitable and thus more attractive (Villoria et al., 2013; Lambin and  
Meyfroidt, 2011). It has also been recognized that factors such as  governance (Ceddia et al., 2014), 
the nature of innovation (global, regional or farm level), supply elasticity of land, demand elasticity 
of agricultural products, and emission efficiencies determine the sign of the relationship between 
agricultural productivity and land saving (Hertel, 2012).  
Two types of economic models of land use have been used in the empirical literature. They are 
partial equilibrium (PE) or econometric models, and applied general equilibrium models or CGE 
models. PE models assume profit maximization behavior under risk aversion in land use decisions. 
They also incorporate both the response of production and consumption to prices, and also the 
adjustments of these prices to attain global equilibrium between demand and supply for selected 
commodities. The ability to capture price dynamics in the land-use sector allows detailed spatial 
and land management characteristics to be represented in these models. However, PE models ignore 
the rest of the economy (Hertel et al., 2008), which is a disadvantage in land use modeling as there 
are many economy-wide indirect effects. 
In contrast, CGE models consider all the direct as well as indirect effects of land use. The Future 
Agricultural Resource Model (FARM) is the first CGE model that captures the potential effects of 
global climate change on the availability and productivity of suitable agricultural land and the 
extent to which they expand (or contract) in response to climate change (Darwin et al., 1995). 
However, land use is disaggregated by physical characteristics in the FARM and thus land 
endowment by category is an aggregate taken from a spatially-explicit bioclimatic model. Although 
the changes in demand for land use are captured, they are not derived from the optimal behavior. It 
is thus argued that the FARM brings biophysical realism into the economic model, but not 
economic realism into the biophysical model (Hertel et al., 2008). The GTAPE-L model (L refers to 
land and E refers to energy) is an extension of the standard GTAP model. It also extends the work 
of Darwin et al. (1995) with explicit tracking of inter-sectoral land transition and estimation of 
sectoral net emissions due to land-use change (Burniaux and Lee, 2003). However, the input data 
were rudimentary. The latest model, in contrast, the GTAP-AEZ model overcomes those issues 
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associated with the earlier work by incorporating a more extensive land-use database, and a more 
sophisticated representation of land-based emissions and forest carbon sequestration (Hertel et al., 
2008).   
A study that has used the CGE approach to analyse the potential of trade policy to mitigate the 
effects of climate change on agriculture in South Asia is Laborde (2011). Using a modified version 
of the MIRAGE model (Decreux and Valin, 2007), he found that with the exception of India the 
optimum policy for all the other smaller economies is regional trade liberalization. Our study 
extends this work in a number of ways. First, we investigate the mitigation potential of trade policy 
in terms of the effects on not only welfare but also on land cover changes and CO2 emissions. In 
addition, we employ the GTAP-AEZ model and the more recent GATP8 database which represents 
the world economy in 2007, whereas Laborde used the GTAP7 database which represents the world 
economy in 2004. The use of the GTAP-AEZ framework facilitates more comprehensive analyses 
of the tradeoffs due to climate change, alternative land use, and land-based mitigation strategies in 
an economy-wide framework. It also considers land rent effects and the impacts on land use via 
factor market effects. This model and its extensions have been extensively used in climate change, 
agricultural land use and GHG mitigation analysis as well as technological change and land-based 
GHG mitigation linkages (see Byerlee et al., 2014; Villoria et al., 2013; Golub et al., 2013; 
Stevenson et al., 2013; Hertel et al., 2009; and Golub et al., 2009).   
 
3.3 The Modeling Framework 
3.3.1 The GTAP-AEZ Model 
As indicated above we use the GTAP-AEZ model, a modified version of the standard GTAP model 
(Hertel et al., 2009), that incorporates land heterogeneity into the model via a land-use database 
(Lee et al., 2005). The GTAP-AEZ model is a multi-sector and multi-regional CGE model based on 
national or regional input-output tables.  
The model relies on the standard neoclassical assumption whereby consumers maximize utility. 
There is a representative regional household whose expenditures are governed by an aggregate 
Cobb-Douglas utility function that allocates constant budget shares of the expenditure across three 
types of final demand: private, government, and savings. Private household preferences are 
represented using the non-homothetic constant difference elasticity functional form. Firms are 
assumed to maximize profits subject to a nested constant elasticity of substitution production 
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function which combines primary factors and intermediate inputs to produce final goods. Firms pay 
wages/rental rates to the household in return for the employment of factor endowments (land, labor, 
capital and natural resources). Firms sell their output to the other firms (as intermediate inputs), to 
private households, government, and to the global market. They export tradable commodities and 
import intermediate inputs from the other regions. Following the Armington assumption 
(Armington, 1969), goods are differentiated by their country of origin and thus the model tracks 
bilateral trade flows (Hertel, 1997). 
The land-use database disaggregates land endowment and the three land-use activities (cropland, 
grazing land, and forest) into 18 global AEZs based on six different lengths of growing periods (6 x 
60-day intervals), and three climatic zones (tropical, temperate and boreal) (Monfreda et al., 2009). 
Ideally, there should be a distinct production function for each AEZ/crop combination in the model 
but this results in a massive proliferation of sectors in the model competing in the product market. 
Thus while preserving its economic content, the model is simplified to have a single national 
production function with multiple AEZ inputs, and the elasticity of substitution within a national 
land aggregate and across AEZs within that production function, given by 𝜎𝐴𝐸𝑍, is set to a high 
value of 20 (see Figure A1 in APPENDIX II for Agricultural production function in the GTAP-
AEZ framework).  
Land mobility within each AEZ is modeled through a nested constant elasticity of transformation 
(CET) frontier, whereby a two-tier structure determines the optimal behavior. That is, first, the rent-
maximizing land owner decides the allocation of land among the three land-use activities based on 
the relative returns to land, and secondly, he decides the allocation of cropland between different 
crops according to the relative returns in the crop sectors. Following Ahmed et al. (2008), we use 
the CET parameter among three land-use activities (Ω1) of -0.5 to reflect the flexibility of land 
conversion over the next 25 years of time horizon considered in this study. Also, the parameter 
value for the elasticity of transformation of cropland among different crops (Ω2) is set to one, 
reflecting the higher flexibility of this conversion than Ω1 (see Figure A2 in APPENDIX II for the 
two-tier structure of AEZ-specific land supply). Based on the historical patterns of bilateral trade, 
and the specified Armington assumption, the model determines the countries in which agricultural 
area expansion or contraction takes place.          
3.3.2 Aggregate Database and Shocks  
We used the land-use augmented version of the GTAP Database Version 8 for the analysis. We 
combined the 113 GTAP regions into 14 aggregates, and the 57 GTAP commodity sectors into 14 
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aggregates. Major agricultural commodity producers such as China, Brazil, Indonesia, US and 
Canada are represented as individual countries. India is also kept separate from the Rest of South 
Asia because it is the largest country in South Asia in terms of the economy, population and 
geographical area. It is also the most desely populated country in the region and is among the 
largest GHG emitters in the world. Given its potential market power (domestic and international) 
and endowment of land and crop options, it is important to keep it separate from the other smaller 
South Asian economies in order to better assess the optimal trade policies. Details of the regional 
and sectoral aggregation are shown in Table A1 in APPENDIX II. 
For estimates of climate-induced productivity shocks, we used estimates generated by Hertel et al. 
(2010) compared to others such as Knox et al. (2012) and Laborde (2011). This is because Hertel et 
al. (2010) has a wider coverage of crops relevant to the region under study. We considered two crop 
productivity scenarios: (1) the ‘most likely’or ‘central case’ as reflected by the ‘medium crop 
productivity scenario’ and (2) an ‘extreme case’ as reflected by the ‘low crop productivity 
scenario’. The latter assumes a world with rapid temperature change, a high sensitivity of crops to 
warming, and a CO2 fertilization effect at the lower end of published estimates. The assumed 
climate-induced output augmented technical change reflected in the percentage of crop productivity 
changes in major crop sectors are shown in Table 3.1.  
Table 3.1: Productivity Shocks Considered 
Region 
 
Climate-induced Crop Productivity Changes (Measured as percentage change)  
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Brazil -10 -10 -17 -5 -10 -10 -3 -3 -10 2 -3 --3 
Canada -10 -5 -17 0 -10 -10 -3 7 -10 12 2 2 
China -12 -10 -22 -12 -15 -15 0 2 -10 0 -8 -8 
EU 27 -5 -5 -17 -5 -5 -5 7 7 -5 7 7 7 
Indonesia 0 0 7 0 0 0 7 7 0 7 7 7 
India -15 -10 -17 -10 -10 -10 -5 -3 -10 -3 -3 -10 
USA -10 -10 -32 -10 -10 -10 -3 2 -15 2 2 2 
Rest of East Asia 5 5 -2 5 5 5 12 12 5 12 12 12 
Rest of Latin America -10 -10 -17 -10 -10 -10 -3 -3 -10 -3 -3 -3 
Rest of the World -5 -5 -17 -7.5 -5 -5 7 7 -5 4.5 7 7 
Rest of South Asia -15 -10 -17 -10 -10 -10 -5 -3 -10 -3 -3 -3 
Rest of Southeast Asia -10 -10 -17 -10 -10 -10 -3 -3 -10 -3 -3 -3 
Middle East and North Africa -5 -5 -12 -5 -5 -5 2 2 -5 2 2 2 
Sub-Saharan Africa -15 -15 -22 -15 -15 -15 -3 -3 -10 -3 -3 -3 
Source: Modified from Hertel el al., (2010).     
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These climate-induced productivity shocks were used to simulate changes for all the regions in the 
world to compare with the results for India and South Asia, particularly for changes in land use and 
the induced CO2 emissions resulting from that. More detailed results were also analysed for India 
and the rest of South Asia (RoSA) given the focus of this paper. The impact on LCLUC and 
LCLUC-induced CO2 emissions were determined using the region and AEZ-specific emission 
factors (Plevin et al., 2014). 
We then analyzed the potential of trade liberalization reforms as a mitigation strategy for LCLUC-
induced CO2 emissions and deforestation caused by climate-induced productivity changes. Table 2 
sets out the various types of trade liberalization scenarios considered. Partial liberalization refers to 
the removal of 50% of the import tariffs while full liberalization refers to the total elimination of all 
tariffs. We then determine the optimum trade policy which results in the maximum mitigation 
potential of cropland expansion, deforestation, and LCLUC-induced CO2 emissions. The specific 
import tariffs (measured as ad valorem equivalents) of India and the rest of South Asia that have 
been used for liberalization are provided in Table A2 in APPENDIX II. 
Paddy rice and wheat are the two crops cultivated extensively in India and RoSA. The cultivation of 
paddy rice occupies 24% and 35% while wheat is planted on 15% and 26% of the total agricultural 
land in the two regions, respectively (GTAP-AEZ, 2007). The potential of agricultural 
intensification in these two sectors measures the net saving of cropland at the regional level (that is, 
in India and RoSA) by way of mitigating deforestation and LCLUC-induced CO2 emissions. We 
used statistics from the Food and Agricultural Organization (FAOSTAT) and the Global Agro-
Ecological Zones (GAEZ v3.0) database to calculate the linear trends of actual and potential yields 
of paddy rice and wheat. After accounting for the potential production capacity of currently 
cultivated land using an intermediate level of inputs5 over a 25-year period, the required total factor 
productivity growth (TFP) to close the yield gap by 30% was computed for both India and RoSA. 
The results show that this is feasible with an increase in TFP of 10% and 31% for paddy rice and 
wheat for India respectively, and 22.5% for wheat for RoSA. Linear trends of paddy rice in RoSA 
shows that the actual yield trend hits the potential yield trend in the period 2025–2030, thus TFP 
was not simulated for paddy rice in RoSA. We used these productivity shocks to analyze the 
potential of increased TFP as a land-based mitigation strategy for LCLUC-induced CO2 emissions.    
                                                             
5 The GAEZ v3.0 database provides options to choose from low, intermediate, and high input levels. Intermediate level 
of inputs in the database reflects improved management where production for subsistence plus commercial sale is a 
management objective. Production is based on improved varieties, on manual labor with hand tools and/or animal 
traction and some mechanization. It is medium labor intensive, uses some fertilizer application and chemical pest, 
disease and weed control, adequate fallows and some conservation measures.  
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Table 3.2: Simulation Scenarios 
Scenario Description 
 
LOWPROD 
 
Climate-induced low crop productivity changes (see shocks in Table 1) 
 
LUPATL 
 
LOWPROD + Unilateral Partial Agricultural Trade Liberalization                                                     
(India and Rest of South Asia unilaterally eliminate source specific existing import tariffs on 
agricultural and processed agricultural commodities by 50%) 
 
LUPTL LOWPROD + Unilateral Partial Trade Liberalization                                                                                       
(India and Rest of South Asia unilaterally eliminate source specific existing import tariffs on 
all commodities by 50%) 
 
LRPATL LOWPROD + Regional Partial Agricultural Trade Liberalization                                                                    
(All South Asian regional members eliminate existing import tariffs between South Asian 
members on agricultural and processed agricultural commodities by 50%) 
 
LRPTL LOWPROD + Regional Partial Trade Liberalization                                                                                         
(All South Asian regional members eliminate existing import tariffs between South Asian 
members on all commodities by 50%) 
 
LGFATL LOWPROD + Global Full Agricultural Trade Liberalization 
(All the regions eliminate existing import tariffs on agricultural and processed agricultural 
commodities by 100%) 
 
LGFTL LOWPROD + Global Full Trade Liberalization 
(All the regions eliminate existing import tariffs on all commodities by 100%) 
MEDPROD Climate-induced medium crop productivity changes (see shocks in Table 1) 
 
MUPATL 
 
MEDPROD + Unilateral Partial Agricultural Trade Liberalization                                                                   
(India and Rest of South Asia unilaterally eliminate source specific existing import tariffs on 
agricultural and processed agricultural commodities by 50%) 
 
MUPTL MEDPROD + Unilateral Partial Trade Liberalization                                                                                       
(India and Rest of South Asia unilaterally eliminate source specific existing import tariffs on 
all commodities by 50%) 
 
MRPATL MEDPROD + Regional Partial Agricultural Trade Liberalization                                                                     
(All South Asian regional members eliminate existing import tariffs between South Asian 
members on agricultural and processed agricultural commodities by 50%) 
 
MRPTL MEDPROD + Regional Partial Trade Liberalization                                                                                        
(All South Asian regional members eliminate existing import tariffs between South Asian 
members on all commodities by 50%) 
 
MGFATL MEDPROD + Global Full Agricultural Trade Liberalization 
(All the regions eliminate existing import tariffs on agricultural and processed agricultural 
commodities by 50%) 
 
MGFTL MEDPROD + Global Full Trade Liberalization 
(All the regions eliminate existing import tariffs on all commodities by 50%) 
 
We used statistics from the Food and Agricultural Organization (FAOSTAT) and the Global Agro-
Ecological Zones (GAEZ v3.0) database to calculate the linear trends of actual and potential yields 
of paddy rice and wheat. After accounting for the potential production capacity of currently 
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cultivated land using an intermediate level of inputs6 over a 25-year period, the required total factor 
productivity growth (TFP) to close the yield gap by 30% was computed for both India and RoSA. 
The results show that this is feasible with an increase in TFP of 10% and 31% for paddy rice and 
wheat for India respectively, and 22.5% for wheat for RoSA. Linear trends of paddy rice in RoSA 
shows that the actual yield trend hits the potential yield trend in the period 2025–2030, thus TFP 
was not simulated for paddy rice in RoSA. We used these productivity shocks to analyze the 
potential of increased TFP as a land-based mitigation strategy for LCLUC-induced CO2 emissions.   
3.4 Results 
3.4.1 Base Year Land Cover and Crop Production 
Base year land cover and the harvested area of the crops are summarized in Figure 3.1. It can be 
seen that cropland represents approximately 171Mha (47Mha) of the managed land in India (RoSA) 
while forest accounts for only 18Mha (8Mha). Paddy rice occupies approximately 42Mha of the 
croplands in India followed by other vegetables, fruit and nuts, coarse grains and wheat. In RoSA, 
as much as 15Mha of cropland is allocated for paddy rice followed by wheat and other crops.  
 
3.4.2 Impacts of Climate Change on Agriculture and Land use 
Climate-induced low and medium crop productivity shocks allow us to track the changes in 
production, prices, land cover, and LCLUC-induced CO2 emissions in the new equilibrium as 
shown in Figures 3.2 and 3.3. Under the low crop productivity scenario, crop production in 2030 
declines by 3%-8% in India, and 2%-6% in RoSA in the absence of mitigation strategies (Figure 
2A). These output reductions lead to increased local prices (see Figure 3.2B). For example, the 
price of paddy rice and coarse grains increase by at least 48% in India and RoSA, and the price of 
the other crops increase in the range of 30%-46% in India and 33%-40% in RoSA. The reduction in 
agricultural output is partially offset by an increase in imports, especially for paddy rice (India by 
30% and RoSA by 18%), making South Asia a net importer of its staple crop (see Table 3.5). But 
with wheat and coarse grains, India and RoSA show an increase in their exports due to higher prices 
and bigger production cuts in other crop producing regions. This is reflected in the higher increase 
in world price compared to the local price in India and RoSA for these crops in Table 3.5.    
                                                             
6 The GAEZ v3.0 database provides options to choose from low, intermediate, and high input levels. Intermediate level 
of inputs in the database reflects improved management where production for subsistence plus commercial sale is a 
management objective. Production is based on improved varieties, on manual labor with hand tools and/or animal 
traction and some mechanization. It is medium labor intensive, uses some fertilizer application and chemical pest, 
disease and weed control, adequate fallows and some conservation measures.  
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The higher agricultural prices make production more profitable, thus attracting factor inputs from 
other activities. Thus cropland expands in India and RoSA at the expense of shrinking forest and 
pasture lands (see Figure 2C), causing deforestation at the regional level. The expansion of 
croplands in India and RoSA is driven entirely by the increases in the harvested area of rice, wheat, 
and coarse grains. At the global level, the low crop productivity causes substantial increases of 
cropland use of 62.3 Mha and this is compensated entirely from pasture lands, enabling some 
reforestation of 2.5 Mha. The last graphs in Figure 2 show that consistent with cropland expansion 
and regional deforestation, CO2 emissions increase in India by 2.7 GtCO2, and this accounts for a 
high 25% of the total world’s emissions while RoSA’s emissions are only a fifth that of India’s.   
Climate-induced medium crop productivity changes also show similar trends in production, prices, 
land cover, and CO2 emissions but with reduced impacts as seen in Figure 3. A higher production 
loss takes place in oil seeds followed by wheat in both regions. The price of coarse grains increases 
the most while the production loss in paddy rice is moderate with the second most price increase in 
both regions (see Figure 3). Croplands expand by 1.4 Mha in India and 0.3 Mha in RoSA at the 
expense of slight regional deforestation of 0.89 Mha. The expansion of croplands in the world 
comes entirely from the withdrawal of pasture lands and thus results in small global reforestation of 
0.3 Mha. As expected, the LCLUC-induced CO2 emissions increase but the magnitudes are smaller 
at the regional and global level for the medium crop productivity scenario compared to the low crop 
productivity scenario. 
Figure 3.1:  Base Year Land Cover and the Harvested Area 
A.  Land Cover 
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B.  Harvested Area 
 
 
 
 
 
 
 
3.4.3 Mitigating Effects Through Trade Liberalization 
 
We simulate climate-induced crop productivity changes with various trade liberalization options to 
analyze the possible mitigating impacts of trade liberalization. For each trade liberalization option 
defined in Tables 3.2, 3.3 and 3.4, the estimated mitigating effects of climate-induced LCLUC are 
presented for the three land cover types − forest, cropland, and pasture − as a percentage of the 
initial impact caused by a particular climate change scenario. A positive percentage value in Table 
3.3 indicates an expansion of a particular land cover type while in Table 3.4, it shows a surge in 
emissions.   
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Figure 3.2: Impacts of Climate-Induced Low Crop Productivity on Agriculture and the Environment 
A. Production Changes      B. Price Changes 
 
 
C. Land Cover Changes (India and RoSA)    D. Land Cover Changes (World) 
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Figure 3.3: Impacts of Climate-Induced Medium Crop Productivity on Agriculture and the Environment 
 
A. Production Changes      B. Price Changes 
  
 
 
 
 
 
 
C. Land Cover Changes (India and RoSA)   D. Land Cover Changes (World) 
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The simulation results suggest that unilateral and global trade liberalization can potentially mitigate 
regional deforestation, cropland expansion, and pasture land shrinkage associated with both types of 
climate-induced crop productivity changes in India and RoSA while regional trade liberalization 
worsens these impacts as seen in Table 3.3. The explanation for these different outcomes could be 
given by the changes in the price mechanism. Our results suggest that regional trade liberalization 
produces the greatest increase in local and world agricultural prices compared to unilateral and 
global trade liberalization for both India and RoSA. Prices of forestry are also shown to have the 
highest increase under regional trade liberalization. However, the percentage increase in forestry 
prices is lower than that of agricultural prices in terms of the magnitude (see Table 3.5). Since local 
agricultural prices increase at a faster rate than the other trade liberalization options, regional trade 
liberalization leads to maximum cropland expansion and deforestation, resulting in a higher 
increase in LCLUC-induced CO2 emissions, thus worsening the climate-induced impacts on 
LCLUC and emissions. 
Our results also show that the liberalization of all trade results in higher mitigation potential than 
the agricultural trade liberalization only scenario in these regions. Unilateral partial trade 
liberalization implemented under the low crop productivity scenarios shows a considerable 
reduction of climate-induced regional deforestation (India by 11% and RoSA by 12%), with some 
cropland saving effect while simultaneously ensuring minimum global deforestation (2.3%). The 
same trade policy implemented under the medium crop productivity results in approximately 70% 
of regional deforestation mitigation potential with nearly 67% of cropland saving, while partially 
sustaining climate-induced global reforestation (52%) and cropland saving (22%).    
Alternatively, global full trade liberalization is estimated to be more effective in mitigation over the 
two climate change scenarios, with up to 28% reforestation and 24% cropland saving in India and 
17% for both aspects in RoSA under the low crop productivity.  It is interesting to note that a full 
mitigation of climate-induced LCLUC with additional forest expansion and cropland saving at the 
regional level could potentially be feasible with global full trade liberalization under the medium 
crop productivity. India expands 0.5 Mha of additional forest cover with 0.8 Mha of cropland 
saving while RoSA expands forest cover by 0.04 Mha with only 0.3 Mha of cropland saving. 
However, this trade-induced regional mitigation of LCLUC in South Asia is accomplished partly by 
an expansion of croplands elsewhere in the world, particularly in the developed regions, causing 
massive global deforestation by global full trade liberalization (see Column 8, Row 10 and 17 in 
Table 3.3). Although global full trade liberalization implemented under both crop productivity 
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scenarios could partially mitigate climate-induced cropland expansion in the world, it could not 
sustain the 2.5 Mha and 0.3 Mha of climate-induced global reforestation from the low and medium 
crop productivity scenarios.  
Table 3.3:  Mitigating Effects of Climate-induced LCLUC 
Region India Rest of South Asia World 
Land cover type Forest Cropland Pasture Forest Cropland Pasture Forest Cropland Pasture 
Low Productivity 
Scenario                           
(1000 ha)   
-3,780 7,242 -3,462 -435 3,014 -2,579 2,548 69,310 -71,858 
Medium Productivity 
Scenario                    
(1000 ha) 
-812 1,427 -615 -77 347 -270 303 4,475 -4,777 
Mitigating Effect of Low Productivity Scenario (%) 
Unilateral LUPATL 6.84 -5.31 3.65 9.23 -5.01 4.29 -7.10 -0.68 0.90 
  LUPTL 10.61 -8.95 7.15 12.05 -5.37 4.24 -2.29 -1.11 1.15 
Regional  LRPATL -0.57 0.41 -0.23 -0.31 0.25 -0.24 0.22 -0.02 0.01 
  LRPTL -0.37 0.12 0.15 2.20 -0.74 0.49 -0.83 -0.04 0.07 
Global LGFATL 15.70 -12.97 10.00 3.11 -5.54 5.95 -293.18 -3.92 14.18 
  LGFTL 27.81 -24.30 20.47 17.30 -17.31 17.31 -379.51 -6.42 19.65 
Mitigating Effect of Medium Productivity Scenario (%) 
Unilateral MUPATL 43.22 -38.26 31.71 68.22 -66.59 66.12 -38.57 -11.45 13.17 
  MUPTL 70.52 -68.06 64.81 72.31 -66.89 65.33 51.65 -22.17 17.49 
Regional  MRPATL -3.36 2.81 -2.09 0.10 1.71 -2.23 6.81 -1.05 0.55 
  MRPTL -1.34 0.56 0.48 7.07 -6.20 5.95 -3.52 -1.24 1.39 
Global MGFATL 86.67 -78.18 66.97 47.36 -59.86 63.44 -2646.34 -50.04 214.53 
  MGFTL 163.10 -159.06 153.74 146.84 -188.88 200.91 -3292.02 -95.70 298.21 
The LCLUC-induced CO2 emissions are consistent with the trade-induced land cover changes as 
seen in Table 3. The unilateral and global trade liberalization options show net CO2 emissions 
mitigation (see Table 3.4) at the regional level under both climate change scenarios with higher 
reduction potential by global full trade liberalization on all goods. Unilateral partial trade 
liberalization could potentially mitigate about 10% and 70% of climate-induced net CO2 emissions 
in India under the low and medium crop productivity scenarios which is equivalent to 0.3-0.4 
GtCO2 while simultaneously reducing 2% and 27% in the world accounting for 0.2-0.3 GtCO2. 
Although global full trade liberalization is estimated to mitigate substantial emissions at the 
regional level under the low crop productivity, and reduce entirely with some excess reduction 
under the medium crop productivity, it results in enormous increases in emissions at the global 
level. For example, a net regional reduction of 0.8 GtCO2 is feasible with mitigating LCLUC-
induced CO2 emissions in the medium crop productivity in India by 129% and in RoSA by 134% 
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implementing a global full trade liberalization policy. However, including this net regional 
reduction, this strategy also accounts for extra global CO2 emissions of 316% compared to the 
emissions in the medium crop productivity, which is equivalent to 0.8 GtCO2. Thus we find that 
unilateral full trade liberalization results in a win-win situation regarding regional and global 
LCLUC and CO2 mitigation while global full trade liberalization is only favourable at the regional 
level.  
We find that removal of tariffs through various trade liberalization strategies affects land-competing 
agricultural sectors and forestry both directly and indirectly through the changes in relative prices 
and thus serve as the key driver for LCLUC and emissions in the two regions as seen in Table 3.5.  
Both local and world prices increase under climate change and the alternative trade liberalization 
scenarios relative to the baseline scenario in these regions. However, unilateral and global trade 
liberalization strategies lower local prices and world prices of agriculture and forestry relative to the 
climate change scenario reflecting the fact that these liberalization options act as an incentive for 
cropland saving and thus for LCLUC-induced CO2 emissions. Global trade liberalization options 
show the greatest price reduction in agriculture and forestry both locally and globally. Consistent 
with the price changes, agricultural production declines with unilateral and global trade 
liberalization in both regions, making South Asia a net importer for most of its agricultural crops, 
especially paddy rice. Conversely, South Asia becomes a net exporter for forestry with substantial 
export expansion under unilateral and global trade liberalization. Regional trade liberalization leads 
to increased local and world agricultural prices in India and RoSA and thus acts as an incentive for 
the agricultural expansion.   
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                          Table 3.4:  Mitigating Effects of LCLUC-induced Emissions 
Region India Rest of South Asia Global 
Land cover type Forest Cropland Pasture Total Forest Cropland Pasture Total Forest Cropland Pasture Total 
Low Productivity Scenario                           
(Million t CO2) 
2,170 -130 679 2,718 414 -54 219 579 4,231 -1,248 7,717 10,701 
Medium Productivity 
Scenario (Million t CO2)  
466 -26 121 561 73 -6 23 90 1,000 -81 678 1,597 
Mitigating Effect of Low Productivity Scenario (%) 
Unilateral LUPATL -6.84 5.31 -3.65 -6.11 -9.08 5.01 -4.29 -7.65 -1.69 0.68 -0.86 -1.21 
  LUPTL -10.61 8.95 -7.15 -9.83 -11.79 5.37 -4.24 -9.53 -3.56 1.11 -1.22 -2.15 
Regional  LRPATL 0.57 -0.41 0.23 0.49 0.28 -0.25 0.24 0.27 0.07 0.02 -0.01 0.02 
  LRPTL 0.37 -0.12 -0.15 0.25 -2.15 0.74 -0.49 -1.65 0.17 0.04 -0.07 0.02 
Global LGFATL -15.70 12.97 -10.00 -14.41 -3.24 5.54 -5.95 -4.05 68.68 3.92 -6.83 22.69 
  LGFTL -27.81 24.30 -20.47 -26.15 -17.32 17.31 -17.31 -17.32 82.73 6.42 -12.24 24.63 
Mitigating Effect of Medium Productivity Scenario (%) 
Unilateral MUPATL -43.22 38.26 -31.71 -40.98 -66.59 66.59 -66.12 -66.47 -12.24 11.45 -10.62 -11.59 
  MUPTL -70.52 68.06 -64.81 -69.41 -70.54 66.89 -65.33 -69.47 -25.33 22.17 -16.19 -21.61 
Regional  MRPATL 3.36 -2.81 2.09 3.11 -0.17 -1.71 2.23 0.31 0.17 1.05 -0.22 0.06 
  MRPTL 1.34 -0.56 -0.48 0.99 -7.04 6.20 -5.95 -6.82 0.76 1.24 -1.00 0.11 
Global MGFATL -86.56 78.18 -66.97 -82.73 -47.12 59.86 -63.44 -50.39 490.89 50.04 -70.43 279.94 
  MGFTL -124.64 159.06 -153.74 -129.32 -117.18 188.88 -200.91 -133.53 590.37 95.70 -138.01 315.84 
  
 
  Chapter 3: Climate Change & Land Cover and Land Use 
60 
 
Table 3.5: Estimates of the LCLUC Drivers (% Change) 
 
 
 
 
 
Local Price 56.05 30.04 56.53 40.66 46.52 44.81 32.00 48.11 33.27 55.73 36.42 36.78 40.14 16.48
World Price 41.36 37.43 77.91 39.07 48.30 42.30 52.01 41.36 37.43 77.91 39.07 48.30 42.30 52.01
Production -5.29 0.34 -4.21 -7.69 -5.17 -2.98 -1.76 -6.03 -4.59 -4.81 -2.45 -5.00 -1.70 0.24
Imports 29.5 -12.4 -11.6 9.11 -0.08 10.92 -13.6 17.78 -7.27 -7.48 5.46 -0.8 1.37 -24.7
Exports -40.8 63.83 21.76 -9.53 -8.03 -6.82 119.9 -9.27 24.03 28.28 1.65 20.59 18.19 202.2
Local Price 51.75 27.74 53.17 35.45 42.47 41.33 29.62 44.48 29.44 52.38 31.75 34.14 37.37 14.99
World Price 40.73 37.06 77.82 38.75 48.05 41.83 51.86 40.73 37.06 77.82 38.75 48.05 41.83 51.86
Production -5.87 0.37 -3.73 -10.71 -5.62 -3.02 -0.94 -6.97 -7.38 -5.11 -6.21 -5.12 -1.57 0.69
Imports 168.90 7.41 -6.13 44.98 22.44 39.75 -13.96 54.44 -1.55 -7.49 3.12 10.09 6.11 -16.81
Exports -27.26 80.03 27.34 8.20 3.16 8.99 140.04 7.40 58.49 34.51 16.49 37.72 34.42 239.51
Local Price 56.56 30.40 56.93 40.93 46.89 45.19 32.22 48.22 33.22 55.95 37.05 37.22 40.50 16.79
World Price 41.38 37.43 77.87 39.07 48.29 42.31 51.97 41.38 37.43 77.87 39.07 48.29 42.31 51.97
Production -5.15 0.57 -4.20 -7.82 -5.19 -2.97 -1.86 -6.29 -5.21 -4.99 -1.89 -4.78 -1.63 0.31
Imports 31.79 -11.07 -11.29 10.30 4.21 19.34 -12.66 25.34 -5.31 -6.65 7.85 7.26 4.21 -16.04
Exports -40.79 65.57 21.52 -9.58 -4.39 -3.75 119.86 -9.47 29.76 27.87 8.31 43.47 26.24 224.50
Local Price 46.25 23.71 49.24 29.01 36.53 35.85 25.16 44.34 26.51 52.38 33.46 34.11 38.24 15.25
World Price 34.92 32.78 75.47 37.41 43.51 38.64 46.35 34.92 32.78 75.47 37.41 43.51 38.64 46.35
Production -5.64 -2.49 -1.39 -13.87 -6.35 -3.77 -0.15 -7.67 -14.33 -5.81 -4.14 -6.31 -0.60 0.10
Imports 733.04 95.19 5.34 144.38 54.72 104.84 -12.63 92.44 18.80 -5.95 10.09 31.46 29.90 8.13
Exports 96.25 54.49 69.67 81.89 12.10 18.97 143.50 94.65 11.46 10.19 238.86 37.23 94.38 217.08
Local Price 9.23 4.42 16.89 5.11 6.47 6.26 2.22 7.65 2.76 16.09 2.03 4.24 3.55 0.44
World Price -0.29 -3.04 13.46 -1.86 3.5 -1.87 1.54 -0.29 -3.04 13.46 -1.86 3.5 -1.87 1.54
Production -1.83 -3.2 -1.58 -4.64 -1.99 -2.18 -1.13 -1.51 -6.43 -1.17 -8.21 -1.71 -3.85 -0.37
Imports 32.49 51.04 5.9 15.99 8.81 20.3 2.42 15.14 16.52 -1.42 6.64 4.38 12.15 -1.26
Exports -54 -48 -2.96 -28.1 -20.8 -36.5 -6.18 -48.2 -45.4 -8.07 -16.4 -11.8 -24.3 2.12
Local Price 6.41 2.69 14.43 1.54 3.63 3.81 0.08 5.25 0.04 13.69 -1.06 2.26 1.47 -1.04
World Price -0.68 -3.27 13.43 -2.06 3.35 -2.16 1.50 -0.68 -3.27 13.43 -2.06 3.35 -2.16 1.50
Production -2.49 -3.86 -1.20 -8.35 -2.59 -2.46 -0.34 -2.57 -10.03 -1.52 -12.74 -2.01 -4.07 -0.16
Imports 152.55 79.55 13.27 54.10 33.12 50.41 0.92 51.58 25.46 -1.48 4.04 14.90 16.54 5.16
Exports -42.70 -43.77 1.33 -15.48 -11.40 -25.84 5.63 -38.63 -31.90 -3.98 -5.85 1.10 -13.32 22.43
Local Price 9.57 4.67 17.19 5.34 6.76 6.54 2.45 7.67 2.77 16.17 2.31 4.43 3.72 0.59
World Price -0.28 -3.03 13.46 -1.85 3.51 -1.85 1.52 -0.28 -3.03 13.46 -1.85 3.51 -1.85 1.52
Production -1.68 -2.99 -1.56 -4.75 -1.99 -2.15 -1.19 -1.79 -6.81 -1.34 -7.78 -1.59 -3.75 -0.36
Imports 34.75 52.92 6.30 17.16 12.29 26.87 3.30 24.29 17.24 -0.73 8.19 11.26 14.22 6.03
Exports -53.18 -46.38 -3.05 -28.23 -17.34 -33.70 -4.72 -48.03 -42.21 -8.15 -11.02 6.91 -17.55 18.68
Local Price 4.08 0.87 12.30 -2.03 0.62 1.17 -2.34 6.09 -1.05 14.71 -0.03 3.19 2.81 0.19
World Price -2.18 -4.46 13.56 -1.52 2.02 -2.65 -0.74 -2.18 -4.46 13.56 -1.52 2.02 -2.65 -0.74
Production -1.60 -5.83 0.46 -12.60 -3.53 -3.31 0.42 -3.10 -17.80 -2.24 -13.25 -3.12 -3.00 -0.35
Imports 762.88 202.06 26.91 155.86 67.58 116.97 1.78 97.45 51.22 0.01 8.03 35.17 38.33 30.57
Exports 133.06 -51.36 32.02 39.63 -3.17 -15.33 13.58 69.46 -51.36 -20.09 153.07 5.10 45.07 31.77
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3.4.4 Optimum Trade Policy Options 
Our findings suggest that despite global deforestation, unilateral and global trade liberalization 
options result in the mitigation of cropland expansion, deforestation, and LCLUC-induced CO2 
emissions in India and RoSA. We define the optimum trade policy as the alternative trade policy 
option that could better mitigate cropland expansion, deforestation, and LCLUC-induced CO2 
emissions triggered by climate-induced crop productivity changes in these economies. Given this 
definition and the mitigating effects estimated in Tables 3.3 and 3.4, we find global full trade 
liberalization on all goods to be the optimum trade policy option for India and RoSA. However, no 
unique policy option suits both South Asia and the global economy. Since all the global trade policy 
strategies cause massive global deforestation, we find unilateral partial trade liberalization on all 
goods is a more appropriate policy for the world at the global level while ensuring considerable 
mitigation in South Asia. These optimum trade policy options were found to be robust to sensitivity 
analyses undertaken using various combinations of the changes in 𝜎𝐴𝐸𝑍 from 20 to 10, Ω1 from -0.5 
to -0.25, and Ω2 from -1.0 to -0.5.          
3.4.5 Mitigating Effects Though Improvements in Productivity Growth  
By increasing TFP to close the yield gap for paddy rice in India and wheat in both regions, we track 
the changes in production, prices, trade, land-use changes and LCLUC-induced emissions in the 
counterfactual scenario as shown in Figure 3.4. Focusing first on India, with the improvement in 
TFP, wheat and paddy rice production increase by 26% and 3% respectively, with 25% and 11% 
reduction in respective prices. The production of the other agricultural sectors and forestry also 
increase slightly with some reductions in individual prices while imports of paddy rice and wheat 
decline substantially. Technological progress increases India’s exports of paddy rice and wheat by 
as much as 107% and 503%, respectively, compared to the baseline scenario. This leads to India 
moving from being a net importer to a net exporter in the counterfactual scenario, contributing a 
sizeable trade surplus of US$1833 million. Increased productivity of primary factors and 
intermediate inputs enables a saving of 0.6 Mha of cropland from being cultivated and spares about 
0.3 Mha each of forest and pasture lands. The forestry reversion and other land-use changes 
associated with TFP growth reduces LCLUC-induced CO2 emissions by 1.2 GtCO2 in India.  
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Figure 3.4:  Impacts of Productivity Growth on Agriculture and the Environment 
A. Production Changes      B. Price Changes 
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In the wake of technological progress, RoSA lifts its production of wheat by 10% with slightly 
more than double the decrease in price. Reduction in imports and a remarkable increase in exports 
(563%) leads the region to become a net exporter of wheat accounting for a substantial trade surplus 
of US$ 228 million. Agricultural intensification in RoSA lead to the use of 0.2 Mha less land 
compared to the baseline scenario. Consequently, the region expands its pasture lands and forest by 
0.17 Mha and 0.02 Mha, respectively, resulting a reduction of the region’s net emissions by 0.2 
GtCO2. 
Unlike trade liberalization, agricultural intensification in South Asia enables net land-saving effect 
at the global level too, leading to a conversion of about 0.9 Mha of forest and 2.2 Mha of pasture 
land expansion. The overall land-use effect induced by the regional TFP growth could be a land-
based mitigation method to reduce emissions by 4.4 GtCO2 in the counterfactual world.  
3.5. Conclusions  
This paper hypothesized that trade liberalization and productivity improvements can serve as 
mechanisms for mitigating LCLUC-induced CO2 emissions while simultaneously offsetting the 
adverse impacts of climate-induced crop productivity changes on agricultural production. The study 
examined general equilibrium effects in terms of land use and land cover, production, prices, trade 
effects, deforestation and emissions reductions using the GTAP-AEZ model.  
For the unilateral, regional, and global alternative trade liberalization options, it was found that 
there was higher regional mitigation potential with global trade liberalization options and a 
considerable global mitigation potential with the unilateral trade liberalization strategies. Regional 
trade liberalization seemed to further worsen the climate-induced impacts on LCLUC and 
emissions. In terms of an optimum trade policy, global full trade liberalization on all goods fits well 
for India and the rest of South Asia. However, this policy creates massive deforestation and 
LCLUC-induced CO2 emissions at the global level. Thus the unilateral partial trade liberalization 
on all goods is more appropriate for the world, considering the substantial mitigation potential at 
both regional and global levels.  
Agricultural intensification was evidenced to be the best strategy in land-based mitigation that 
produced increased agricultural output with less land use and thus saved vast millions of hectares of 
land from being brought into cultivation for the staple crop. Regional and global forest reversion, 
and thus LCLUC-induced emissions mitigation were observed with productivity growth 
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improvements in paddy rice and wheat in India and the rest of South Asia. Results from the study 
also support the Borlaug hypothesis showing the possibility of land saving in response to 
agricultural intensification through productivity growth at both regional and global levels.                    
Similar to any study, this study has some limitations pertaining to the assumptions in the model 
used. First, the GTAP-AEZ is a comparative static model that assumes a single national production 
function for each agricultural commodity with multiple AEZ inputs, where they are combined using 
a single elasticity of substitution. Second, the model deals with land heterogeneity using a simple 
CET function. Thus improvements to overcome the model’s limitations could be considered in 
future research to provide more robust results. In light of the critique provided by Charlton and 
Stiglitz (2005) on estimates of CGE model impacts, it is important to keep in perspective that these 
are not forecasts but rather indications of the direction and perhaps the intensity of the projected 
impacts. Another possible avenue for future research is to consider and compare other GHG 
emission mitigation policies such as taxes and zoning incentives, as well as a combination of these 
policies or an optimum mix of policies to deliver efficient or desired targets.   
.   
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APPENDIX II 
 
 
Figure A1: Agricultural Production Function in the GTAP-AEZ Framework 
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Figure A2: Two-Tier Stricture of the AEZ-Specific Land Supply 
 
  Chapter 3: Climate Change & Land Cover and Land Use 
67 
 
 
Table A1: Regional and Sectoral Aggregation 
Aggregated 
Regions 
Countries Included Aggregated Sectors Commodities Included 
1. Brazil 
 
1. Paddy rice 
 2. Canada 
 
2. Wheat 
 3. India 
 
3. Cereal grains nec1 
 4. United States    
    of America 
 
4. Oil seeds 
 5. Indonesia        
 
Indonesia, Malaysia 
 
5. Vegetables, fruit, nuts 
 6. China                  China, Hong Kong, Taiwan. 6. Other crops Sugar cane, sugar beet, Plant-based fibers, 
Crops nec. 
7. Rest of South    
    Asia 
Bangladesh, Sri Lanka, 
Pakistan, Rest of South Asia. 
7. Forests Forestry 
8. Middle East  
    and North  
    Africa 
Egypt, Iran, Morocco, Tunisia, 
Turkey, Rest of North Africa, 
Rest of Western Asia. 
8. Livestock Bovine cattle, sheep and goats, horses, Raw 
milk, Wool, silk-worm cocoons. 
9. Rest of East  
    Asia 
Korea Republic of, 
Rest of East Asia. 
9. Animal products Animal products nec 
 
10. Rest of  
      Southeast  
      Asia 
Cambodia, 
Lao People's Democratic Republic, 
Myanmar, Philippines, Singapore, 
Thailand, Viet Nam, 
Rest of Southeast Asia. 
10. Processed agriculture Bovine meat products, Meat products nec, 
Dairy products, Processed rice, Sugar, Food 
products nec, Beverages and tobacco 
products. 
 
11. Sub-Saharan  
      Africa 
Botswana, Ethiopia, Madagascar, 
Mozambique, Mauritius, Malawi, 
Nigeria, Senegal, Tanzania United 
Republic of, Uganda, South Central 
Africa, Central Africa, Rest of Eastern 
Africa, Rest of South African Customs, 
Rest of Western Africa, South Africa, 
Zambia, Zimbabwe   
  
11. Vegetable oils and fats  
12. EU 27 
 
 
 
13. Rest of Latin      
     America           
Austria, Belgium, Bulgaria, Cyprus, 
Czech Republic, Germany, Denmark, 
Spain, Estonia, Finland, France, United 
Kingdom, Greece, Hungary, Ireland, 
Italy, Lithuania, Luxembourg, Latvia, 
Malta, Netherland, Poland, Portugal, 
Romania, Slovakia, Slovenia, Sweden.  
 
Argentina, Bolivia, Chile, Colombia, 
Costa Rica, Ecuador, Guatemala, 
Mexico, Nicaragua, Panama, Peru, 
Paraguay, Uruguay, Venezuela, 
Rest of Central America, Caribbean, 
Rest of North America, Rest of South 
America 
 
12. Manufacturing 
 
 
 
 
 
13. Chemical, rubber, plastic           
      products 
Fishing, Coal, Oil, Gas, Minerals nec, 
Textiles, Wearing apparel, Leather 
products, Wood products, Paper products, 
publishing, Petroleum, coal products, 
Mineral products nec, Ferrous metals, 
Metals nec, Metal products, Motor vehicles 
and parts, Transport equipment nec, 
Electronic equipment, Machinery and 
equipment nec, Manufactures nec. 
 
 
 
 
 
 
14. Rest of the  
      World 
All the other countries not mentioned 
above 
14. Services Electricity, Gas manufacture, distribution, 
Water, Construction, Trade, Transport nec, 
Water transport, Air transport, 
Communication, Financial services nec, 
Insurance, Business services nec, 
Recreational and other services, 
Public administration, Defense, Education, 
Health, Dwellings. 
Note: 1 stands for not elsewhere classified. 
Source: Authors’s aggregation using GTAP database Version 8.
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Table A2: Advalorem Tariff Rates (%) 
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Paddy rice 0.0 0.0 0.0 78.0 80.0 80.0 0.0 0.0 0.0 0.0 0.0 64.3 0.0 
 Wheat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.4 0.0 0.0 99.9 22.3 0.0 
 Coarse grains 0.0 0.0 0.0 10.0 0.0 50.5 0.0 41.1 7.6 0.0 8.0 1.2 25.7 
 Oil seeds 0.0 30.0 30.0 25.8 29.5 30.0 30.0 29.8 31.2 13.8 30.6 66.9 29.5 
 Vegetables, fruit, nuts 31.1 45.3 47.8 44.6 37.8 36.3 40.6 22.4 39.9 38.6 32.7 33.5 31.7 
 Other crops 15.8 10.1 32.1 22.0 59.5 12.6 11.5 36.2 13.6 22.7 63.1 15.9 20.4 
 Forestry 5.3 5.5 24.0 10.6 6.0 11.1 0.0 5.2 5.0 22.2 5.1 8.0 5.6 
 Livestock 14.4 0.0 16.0 14.8 24.8 16.7 0.0 14.1 14.9 4.2 9.8 12.6 14.4 
 Animal products 5.6 2.6 27.7 2.7 3.4 12.3 0.0 0.0 3.9 2.9 11.1 0.3 0.4 
 Processed agriculture 132.8 43.0 40.2 73.1 38.2 48.1 26.6 35.1 55.9 24.4 54.1 51.6 70.4 
 Vegetable oils and fat 46.8 70.5 63.6 73.6 98.8 48.6 63.5 48.8 35.3 37.7 67.7 50.1 61.8 
 Manufacturing 15.8 12.2 12.2 14.3 10.7 11.5 10.4 9.1 16.4 10.2 8.8 11.2 11.1 
 Chemical, rubber, plastic products 15.4 14.3 14.7 15.2 16.7 14.5 14.4 15.0 14.4 7.9 14.6 12.4 15.0 
 Services 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   
From Rest of South Asia 
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Paddy rice 0.0 0.0 0.3 0.0 0.0 31.6 20.8 0.0 0.6 0.0 21.2 16.7 3.5 0.0 
Wheat 0.0 3.5 0.0 6.4 0.0 4.6 21.0 0.0 1.8 14.1 9.4 0.0 24.1 0.0 
Coarse grains 0.0 10.0 3.9 2.6 5.0 2.5 5.2 0.0 3.0 6.5 2.7 1.2 5.4 2.0 
Oil seeds 7.5 9.9 10.4 10.0 13.3 11.8 10.2 0.0 8.7 9.5 9.1 13.5 10.9 10.3 
Vegetables, fruit, nuts 32.5 7.0 14.8 9.6 22.2 20.1 14.3 14.0 5.8 10.0 16.5 15.2 15.0 19.8 
Other crops 5.5 11.6 20.7 26.4 33.7 11.0 6.5 6.9 20.0 0.9 9.9 18.2 5.5 8.5 
Forestry 0.0 7.8 17.7 14.3 9.4 42.9 6.2 2.7 4.9 8.1 49.2 3.6 17.8 4.6 
Livestock 0.0 0.0 5.7 5.2 6.1 8.9 8.3 0.0 0.0 3.0 0.2 0.8 4.4 0.0 
Animal products 17.2 12.2 16.8 11.9 13.6 10.4 17.0 11.5 4.9 5.8 19.7 11.3 5.2 5.0 
Processed agriculture 25.6 9.9 18.9 22.6 17.6 24.5 19.1 28.3 14.8 16.1 12.7 24.9 21.2 50.0 
Vegetable oils and fat 23.9 31.6 25.8 23.1 32.8 9.1 25.2 24.4 23.6 26.7 2.1 22.0 8.7 16.7 
Manufacturing 15.4 10.3 17.4 13.0 14.2 13.5 9.9 18.6 9.8 19.7 13.0 16.3 14.1 20.0 
Chemical, rubber, plastic products 11.8 10.2 12.4 12.8 14.9 11.4 9.7 14.0 12.6 10.0 8.5 13.8 11.7 13.2 
Services 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
Source: GTAP Database Version 8, Base year 2007. 
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4 
How Efficient Are Market-based Instruments to Mitigate Climate 
Change in South Asia? A Comparative Analysis of Sri Lanka and 
Pakistan 
 
Abstract 
 
This paper examines the effectiveness, efficiency, and economy-wide impacts of a carbon tax, fuel 
tax, and some policy mix options for Sri Lanka and Pakistan using their global commitments to 
reduce carbon emissions. The results indicate that the carbon tax is best for Sri Lanka to reduce 
emissions by 7% from 2010 levels. This policy shows the least welfare deteriorating effect with 
increases in real GDP by 0.2%. For Pakistan also, although it has a distorted market of energy 
subsidies and taxes, the carbon tax is appropriate for emissions reductions of 5% from 2011 levels 
with no adverse impact on GDP. Thus both economies can achieve their emission targets cost-
effectively and any welfare loss can be compensated from the carbon tax revenues. However, a 
carbon tax is not a one size fits all climate change policy instrument given the associated cost 
effectiveness-efficiency trade off, and the countries’ dependence on domestic and imported energy 
resources.  
 
Key words:   Carbon emissions targets, carbon tax, fuel tax, computable general equilibrium  
                      model 
 
 
4.1 Introduction 
The global climate has been changing continually since the pre-industrial era mainly due to high 
concentrations of anthropogenic greenhouse gasses (GHGs). Over the period 1750-2011, about half 
of the total anthropogenic carbon dioxide (CO2) emissions were accumulated in the last 40 years. 
Increased economic and population growth have led to changing lifestyles, increased energy use, 
land use patterns, and all of these factors together with climate policy act as key drivers of 
anthropogenic GHG emissions (Pachauri et al., 2014). However, it has been agreed that failing to 
mitigate climate change will cause long lasting impacts for people and ecosystems. While climate 
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change will have significant impacts on all countries, the poorest countries will suffer earliest and 
the most, although their contribution to past climate change effect has been the least (Stern et al., 
2006). 
The scientific findings (e.g., see Burniaux et al., 2008) show that global GHG emissions under a 
business as usual scenario (BAU) would double between 2008 and 2050. Consequently, the 
concentrations of CO2 and GHGs will increase about 525 parts per million (ppm) and 650 ppm CO2 
equivalent respectively in 2050, and will continue to rise after that. The resulting mean global 
temperatures would be about 2ºC higher in 2050 and 4-6ºC higher in 2100 compared to the 
temperatures in the pre-industrial era (ibid). Accordingly, the average cost of BAU climate change 
over the next two centuries will be equivalent to as much as 14.4% of global per capita 
consumption when both market and non-market impacts are incorporated (Stern, 2007). 
The concerns about the devastating effects of global climate change and the consequences of 
inaction have led policymakers from around the globe to consider ways to mitigate GHG emissions. 
The new global agreement to combat climate change, the Paris Agreement, was adopted in 
December 2015 under the United Nations Framework Convention on Climate Change (UNFCCC). 
This agreement aims at holding the increase in the global average temperature to well below 2ºC 
above pre-industrial levels and pursuing efforts to limit it to 1.5ºC (UNFCCC, 2015). To achieve 
this global target, individual countries have submitted Intended Nationally Determined 
Contributions (INDCs) outlining their climate change mitigation contributions post 2020. It is 
however up to the individual countries to consider the appropriate policy instruments that can be 
implemented nationally to meet GHG reduction targets in their INDCs while improving national 
welfare, efficiency, national output and employment.  
Deciding on the right tools to reach emissions reduction targets in an effective and efficient manner 
is of vital importance. In this regard, Stern (2008) states that policies must be designed and applied 
carefully, and wherever possible, market-based solutions must be considered. Such solutions need 
to incorporate sector and country specific technologies and policy instruments to deal with different 
emission targets. In designing appropriate mitigation polices, it is also necessary to consider the 
three basic criteria: (i) Effectiveness, that is, achieving GHG emissions reduction of the required 
scale; (ii) Efficiency, that is, policies that can be implemented in the most cost-effective way with 
minimum adverse effect on GDP; and (iii) Equity, that is, consideration of the greater vulnerability 
of poor countries to the climate change impacts and responsibility of wealthy nations for the past 
emissions. Several studies such as Calderon et al. (2016), Vera and Sauma (2015), Alton et al. 
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(2014) and Kim (2014) have shown that implementing a carbon tax to reduce emissions leads to a 
fall in GDP and thus the trade-off needs to be carefully managed.     
Market-based instruments (MBIs) such as tradable permits or emission taxes encourage behavior 
through market signals. These are often described as “harnessing market forces” because a well 
designed and implemented policy helps firms (and individuals) to carry out GHG abatement efforts 
based on their economic interests while collectively meeting the policy goals (Stavins, 2003). Such 
policies typically operate through creating a system to account for the costs associated with 
emissions and incorporating them in a firm’s decision-making process. At present, MBIs are more 
attractive than traditional command-and-control programs especially for GHG mitigation due to the 
following reasons. First, businesses are provided with greater flexibility with MBI policy 
instruments and thus the most cost-effective achievement of the required GHG abatement and 
environmental objectives are feasible at a lower overall cost. Second, a well-designed MBI provides 
greater incentives for firms to innovate and possibly use renewables, compared to traditional 
command-and-control programs (Moarif and Rastogi, 2012). Therefore, many countries such as the 
EU, Brazil and China have adopted MBIs to achieve their GHG mitigation targets and combat 
global climate change. Fuel taxes, on the other hand, also affect the environment indirectly and 
have been identified as a potential policy instrument for GHG abatement although they were 
originally designed for non-environmental reasons (Datta, 2010). The debates on the rationale for 
using a policy mix compared to single policy strategy is also emerging in the field of economic 
research. Some studies argue that use of multiple policies is efficient for addressing environmental 
pollution problems (Borner et al., 2015; Lehmann, 2012; Twomey, 2012). However, other studies 
have pointed out challenges with implementing such policy mix strategies (Braathen, 2011; Sorrel 
and Sijm, 2003).       
In the light of the issues highlighted above, the purpose of this study is to model GHG abatement 
policies for the South Asian economies of Sri Lanka and Pakistan, using MBIs (in the form of a 
carbon tax and a fuel tax), and to assess the effectiveness, efficiency, and the economy-wide 
impacts of the proposed instruments using a computable general equilibrium model (CGE) of 
energy and the environment. More specifically, the paper examines the following research 
questions. First, what are the effects of a carbon tax and a fuel tax on the macroeconomy, the 
environment, and various sectors of these countries? Second, based on these impacts, is a carbon or 
fuel tax more effective in the implementation of the countries’ INDCs? If not, why not? Third, is a 
mix of fuel and carbon taxes perhaps a better option? If so, what could be the optimal mix of these 
policies?  In doing so, the study makes two important contributions to the literature. First, while 
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previous studies have examined the impacts of either the carbon tax or fuel tax in isolation, none of 
them have considered the effects of these policies as part of a policy package as attempted here. 
Second, we consider the effectiveness of these policies in relation to the selected countries’ 
achievement of their environmental goals as detailed in their INDCs. To the best of our knowledge, 
this is the first of such studies to be conducted for any SE Asian country.  
The paper’s focus on Sri Lanka and Pakistan provides the first comparative analysis on small 
emitter developing countries in South Asia in the literature. Thus findings from this study will have 
implications for other similar economies. Even though current GHG emissions in Sri Lanka and 
Pakistan are far below the global average, GHG emissions abatement is a major component in these 
countries’ national climate change policies. Importantly, these economies will not remain as small 
emitters in the long run as a significant share of their future electricity generation is to be sourced 
from coal. Increased future GHG emissions from the coal-sourced energy production and transport 
sectors will have significant impacts on the economy and environment of these countries.  
There are several interesting and distinct aspects of Pakistan and Sri Lanka that make the selection 
of these economies a good choice for a comparative analysis. Pakistan ranks as the sixth most 
populous country in the world and has a population size about eight times that of Sri Lanka. 
However, the latter’s GDP per capita is about 2.5 times that of Pakistan. Unlike Sri Lanka, Pakistan 
also has a distorted energy market given by its existing high rates of taxes on oil products, and 
subsidies on coal, oil, gas, and electricity.7 Presently, Pakistan meets 75% of its energy needs from 
domestic resources of gas, oil, and hydroelectricity production but it also owns a sizable coal 
reserve which is about 2% of global coal resources (Khan and Ahmad, 2008). Thus there is a high 
possibility that Pakistan will increase its reliance on coal in future given that its natural gas resource 
is close to depletion (ibid). Conversely, Sri Lanka does not have domestic fossil fuel reserves and 
has moved from reliance on hydroelectric sources of energy to thermal generation based on 
petroleum and coal, which it is entirely dependent on imports.  
Both countries have submitted their INDCs to reduce GHG emissions post 2020. In the case of Sri 
Lanka, the INDC for mitigation aims to reduce GHG emissions against a BAU (2010) scenario by 
20% in the energy sector (4% unconditionally and 16% conditionally8) and by 10% in the other 
sectors such as transport, industry, forests and waste (3% unconditionally and 7% conditionally) by 
2030 (Ministry of Mahaweli Development and Environment of Sri Lanka, 2016). Pakistan’s INDC 
                                                             
7 Data drawn from the GTAP Database Version 9.  
8 For example, with the assistance of rich countries, individual countries are less financially constrained and hence are 
able to (conditionally) increase their efforts to have high emission reduction targets. Thus the unconditional emission 
reduction targets are lower due to the lack of such support.   
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commits to a 20% reduction in emissions by 2030 conditional on getting foreign aid to meet the 
total estimated abatement cost of US$40 billion (Government of Pakistan, 2016). Both countries 
have identified the energy and transport sectors to be priority considerations for GHG abatement 
policies.   
The remainder of the paper is organized as follows. Section 4.2 reviews the relevant literature, with 
an emphasis on MBIs for GHG abatement. Section 4.3 describes the modeling framework which is 
based on the Energy-Environmental Version of the Global Trade Analysis Project (GTAP-E), the 
database used, and the simulated shocks for the analyses. The results of the study are presented and 
discussed in section 4.4 while section 4.5 concludes.  
 
4.2 Literature Review 
Global climate change is a cost for the present as well as future generations. Firms, households, and 
governments are the components of the economic system who generate GHGs, which is the primary 
cause for climate change. However, the problem is that those who are responsible for these 
anthropogenic GHG emissions do not directly bear the costs as they do not take into consideration 
the cost of their emissions when they make production and consumption decisions. Pigou (1920) 
first suggested that these negative externalities can be internalized by a tax imposed by the 
government, which is equal to the marginal cost of emissions. The fundamental concept underlying 
MBIs is derived from the Pigouvian tax.  
Two types of MBIs have been designed for GHG abatement: the emissions trading scheme (ETS) 
and the carbon tax. The former sets a limit on the amount of GHG emissions permitted, which is 
quantity based while the latter puts a price on emissions and is thus a price-based instrument. As a 
result of carbon or emission tax rates, emission-intensive goods will have higher market prices 
and/or lower profits. Thus market forces adjust in a cost-effective way to minimize the emissions. 
More specifically, there are two types of incentive effects. The direct effect on increasing market 
prices encourages conservation measures, energy efficient investments, fuel and product switching, 
and alterations in the economy’s production and consumption patterns. The indirect effect made 
possible by revenue recycling reinforces the above effects through changes in investment and 
consumption patterns (Baranzini et al., 2000).  
It is argued that a carbon tax is the most cost-effective policy to reduce emissions. Stiglitz (2016) 
states that a high carbon price which is equivalent to the social cost of carbon emissions would help 
the world to achieve both the goal of limiting climate change and a significant investment to retrofit 
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economies for global warming. Also, achieving the high carbon price through a carbon tax would 
generate a significant amount of revenue that can be used to address any adverse effects of the 
carbon tax. Generally, these taxes are easier to administer than personal or corporate taxes and are 
thus less likely to result in tax avoidance or evasion (Hammar and Sjöström, 2011; Shah and 
Larsen, 1992). Furthermore, there is an incentive for induced technical change, and if properly 
aligned with a carbon tax policy, a country could increase overall abatement than would be 
warranted in its absence (Goulder and Mathai, 2000). By and large, empirical evidence shows that a 
carbon tax may be an attractive policy option in mitigating GHG emissions and that their main 
adverse impacts may be offset by the design of the tax, and the effective use of the generated tax 
revenues (see Freebairn, 2016; Baranzini et al., 2000).   
Fuel taxes, on the other hand, were not originally designed for environmental purposes but it can be 
seen that they can have environmental effects. The literature shows that fuel taxes (or the removal 
of fuel subsidies) have affected the growth in fuel demand and the associated CO2 emissions. The 
experience of fuel taxes in Europe and Japan shows that this type of instrument can have significant 
environmental effects (Sterner, 2012). Calculating hypothetical transport demand in the OECD and 
using various fuel tax rates, Sterner (2007) shows that fuel taxes are the single most influential 
climate instrument implemented to date with a considerable reduction in overall carbon emissions 
even though it has not been given due attention in the policy debate. Others have however 
highlighted that a fuel tax enables the internalization of externalities and the improvement of 
resource allocation and welfare in an economy, and has thus been referred to as an optimal tax 
(Parry et al., 2007; Innes, 1996). Theoretical justification and empirical evidence on the reduction 
of negative externalities using fuel taxes can be found in Spiller et al. (2014) and Li et al. (2014).    
With discussion of the carbon tax, we summarise the findings for developing countries given our 
focus countries. Using the GTAP-E model, Kim (2014) found that despite some negative impacts of 
different carbon tax scenarios in Vietnam, there is a role for the carbon tax to promote new and 
renewable energy sources in the country. However, Coxhead et al. (2013) using a CGE model argue 
that such a carbon tax is likely to conflict with Vietnam’s other developing objectives as the poorest 
households will experience substantial losses. The adoption of the carbon tax was also seen to 
adversely affect Vietnam’s global competitiveness for a broad range of products irrespective of 
their energy intensity. These losses will in turn impact negatively on the job growth of the country.   
Siriwardena et al. (2007) used an input-output decomposition technique to investigate the impact on 
economy-wide emissions due to carbon and energy taxes levied within the electricity supply sector 
in Sri Lanka. The study found changes in fuel mix in thermal power generation and final demand as 
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the main contributors in achieving mitigation. Moreover, there was a strong correlation between 
emissions reduction and the value of the price elasticity of electricity. However, the above study 
considered only the effects of a sector specific (i.e. power) carbon taxation and thus the impacts of 
an economy-wide levied carbon tax in Sri Lanka remain unclear. For Indonesia, Yusuf and 
Resosudarmo (2015) found strongly progressive income distributive effects of a carbon tax in 
contrast to the regressive effects in most developed countries studies.  
In Colombia, both partial and general equilibrium analyses have illustrated the potential of a carbon 
tax to significantly reduce emissions although there are adverse economy-wide impacts. Thus the 
importance of exploring the other opportunities to reduce the negative economic repercussions, 
such as lowering the other taxes has been emphasized (Calderón et al., 2016). In contrast to the 
above studies, Vera and Sauma’s (2015) study shows that the introduction of some energy 
efficiency measures to the Chilean power system could achieve a larger abatement than the imposed 
carbon tax, while simultaneously reducing energy prices. 
In most of the empirical literature, although the fuel tax has been studied for its income 
distributional effects and progressivity, studies on its contribution to emissions abatement are 
sparse, especially in developing countries. Comparing the fuel tax and food tax incidence in 
different expenditure groups of households in Ethiopia, Mekonnen et al. (2013) concluded that fuel 
tax in the country is not regressive. The results suggest that it could also achieve emissions 
abatement and foreign exchange savings through reductions in fuel consumed. Datta (2010) too 
found that a fuel tax in India would be progressive as would a carbon tax. Although there was no 
attempt to quantify emissions, the results provide some insights on emissions abatement through 
reduced demand for transportation fuels. Likewise, Agostini and Jiméne (2015) found the fuel tax 
in Chile to be moderately progressive on income distribution. 
It has been suggested that both the carbon tax and fuel tax could be combined to form a policy mix 
for efficient carbon emissions control (Borner et al., 2015; Lehmann, 2012; Twomy et al., 2012). 
Lehmann (2012) put forward two rationales for using a policy mix strategy. These are the ability of 
a policy mix strategy to correct for multiple reinforcing failures of private governance structures 
(i.e. pollution externalities and technological spillovers), and the capability of implementing a 
policy mix to cope with high transaction costs resulting from the single first-best policies. For 
example, implementation of single emissions control policies in the presence of heterogeneous 
marginal pollution damages may lead to high transaction costs (ibid). On the other hand, Braathen 
(2011) highlights the risk of combining another policy if there is already an emissions control 
policy in place, because of the increased total costs of achieving stringent reduction targets. 
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Moreover, Sorrel and Sijm (2003) point out that although a policy mix is theoretically possible, 
such a strategy could be difficult to implement because the governments may be reluctant to 
implement unfamiliar or untested policy alternatives. Furthermore, the inertia of existing 
instruments may make them difficult to displace.  By and large, the lack of consensus on the effects 
of the carbon tax, fuel tax, and the policy mix in South Asian developing countries and their 
efficiency in GHG abatement represent a gap in the existing literature which this study seeks to fill.  
 
4.3 The Modelling Framework  
4.3.1 The GTAP-E Model 
The general equilibrium approach was selected over the partial equilibrium model due to the 
former’s ability to capture economy-wide effects associated with the energy, environmental and 
economic linkages. In particular, we used the GTAP-E model developed by Burniax and Truong 
(2002) and revised by McDougall and Golub (2007), together with the GTAP-E Database Version 9 
(see Narayanan et al., 2015) for our analysis. A comparison of the CGE models available for 
analyzing climate change policies can be found in Kremers et al. (2002). That study compares each 
model with a set of distinct characteristics that are constructed to address aspects related to climate 
research, namely, the impact of climate policies on international trade, strategic issues regarding the 
timing of climate policies, and ecological issues.   
The GTAP-E model is an extension of the standard GTAP model that introduces an energy-
environmental dimension that is suitable for analyzing GHG issues and related policy scenarios. 
The structure of the GTAP-E model is fully documented in Burniax and Truong (2002). The 
standard GTAP model is a comparative-static, multisector, multiregional CGE model, which 
assumes perfect competition and constant returns to scale. The model is based on national or 
regional input-output tables and it fully tracks bilateral trade flows between all the countries in the 
database. It relies on the standard neoclassical assumption whereby consumers maximize utility. 
There is a representative regional household whose expenditures are governed by an aggregate 
Cobb-Douglas utility function that allocates constant budget shares of the expenditure across three 
types of final demand, namely, private, government, and savings. Private household preferences are 
represented using the non-homothetic constant difference elasticity functional form. The GTAP-E 
model has reformulated the standard GTAP model’s demand functions by adding a carbon tax to 
the consumption of commodities (i.e. coal, oil, oil products, gas) so that CO2 emissions is a function 
of consumption.       
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Firms maximize profits subject to a nested constant elasticity of substitution (CES) production 
function which combines primary factor endowments and intermediate inputs to produce final 
goods. Firms pay wages/rental rates to the household in return for the employment of factor 
endowments (land, labor, capital and natural resources). Firms sell their output to the other firms (as 
intermediate inputs), to private households, government, and to the global market. They export 
tradable commodities and import intermediate inputs from the other regions. Following the 
Armington assumption (Armington, 1969), goods are differentiated by their country of origin, and 
thus the model tracks bilateral trade flows (Hertel and Tsigas, 1997). The production structure of 
the standard GTAP model incorporates with an explicit capital-energy composite input to obtain the 
production structure of the GTAP-E model. Also, natural resources form a new endowment value-
added nest. The capital energy composite also has the CES functional form. The energy nest is 
further disaggregated to a multilevel structure of electric and non-electric energy and further the 
non-electric nest to coal and non-coal inputs following Armington assumption (see Figure A1 in 
APPENDIX III). The model contains two global sectors, a global bank and the other one related to 
the international transport activity.    
The revised version of the GTAP-E has several advantages which are extremely useful for our 
study. Unlike the original model, CO2 emissions are calculated using a bottom-up approach. Thus it 
can be assumed that emissions are proportional to the energy consumption of firms, private 
households, the government, and both domestic and imported products. The carbon tax rate is a 
bloc level variable in the revised version that specifies both nominal and real rates and the 
relationship between them. The carbon and fuel tax policies cause changes in prices and quantities 
of energy and other commodities so that consumption and production are altered in such a way as to 
minimize those effects. The production system has been altered in the revised version with more 
intermediate levels of nesting and combinations of using capital with energy.  
4.3.2 Aggregated Database and Shocks  
The GTAP-E data used in this study is based on the most recent GTAP 9 database and the extended 
energy balances are compiled by the International Energy Agency. The database provides CO2 
emissions data distinguished by fuel type and by user for each of the 140 regions in the database. 
We used the base year economy of 2011 (which is the latest available reference in the database) and 
combined 140 GTAP regions into 15 aggregates, and 57 GTAP commodity sectors into nine 
aggregates. The details of the regional and sectoral aggregation are shown in Table A1 in 
APPENDIX III.  
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We used the price homogeneous closure (as found in the standard GTAP closure) and the real 
carbon tax rate was treated as an exogenous carbon tax rate variable. The carbon tax is levied on the 
four GTAP-E energy commodities, namely, coal, oil, gas, and oil products based on the carbon 
content of these commodities. The fuel tax was implemented by shocking individual tax levers of 
oil products and gas. Since the fuel tax does not take into account the different carbon contents of 
each commodity, the applied tax rate is based on consumption and is the same for both domestic 
and imported commodities.  
First, we analyzed separately the effects of the carbon and fuel tax options in achieving the GHG 
mitigation targets specified in the INDCs of the two economies. Sri Lanka has clearly defined its 
unconditional emissions reduction target as 7% from the BAU level and this is used in the 
simulations. However, in the case of Pakistan as there are no clear goals in the INDCs as such, we 
conservatively assume an emissions reduction of 5% to make the analysis comparable with Sri 
Lanka. We then used several policy mix options of carbon and fuel tax to compare those with the 
single policy strategies of either the carbon or fuel tax applied before. Table 4.1 sets out the various 
policy scenarios considered.  
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Table 4.1 Simulation Scenarios 
 
Country 
 
Policy Scenario 
 
Scenario Description 
Sri Lanka 
Carbon Tax 
CTax20 Carbon tax of US$20/tCO2  
CTax27 Carbon tax of US$27/tCO2 
CTax30 Carbon tax of US$30/tCO2 
Fuel Tax 
FTax10 Fuel tax of 10% on gas and oil products  
FTax12 Fuel tax of 12% on gas and oil products  
FTax15 Fuel tax of 15% on gas and oil products  
Policy Mix 
CF10_10 Carbon tax of US$10/tCO2 and fuel tax of 10% on gas and oil products  
CF5_10 Carbon tax of US$5/tCO2 and fuel tax of 10% on gas and oil products  
CF15_5 Carbon tax of US$15/tCO2 and fuel tax of 5% on gas and oil products  
Pakistan 
Carbon Tax 
CTax10 Carbon tax of US$10/tCO2 
CTax13 Carbon tax of US$13/tCO2 
CTax15 Carbon tax of US$15/tCO2 
Fuel Tax 
FTax10 Fuel tax of 10% on gas and oil products  
FTax12 Fuel tax of 12% on gas and oil products  
FTax15 Fuel tax of 15% on gas and oil products  
Policy Mix 
CF5_5 Carbon tax of US$5/tCO2 and fuel tax of 5% on gas and oil products  
CF2_10 Carbon tax of US$2/tCO2 and fuel tax of 10% on gas and oil products  
CF10_10 Carbon tax of US$10/tCO2 and fuel tax of 10% on gas and oil products  
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4.4 Results and Discussion 
This section discusses the simulation results of the tax incidence in Sri Lanka and Pakistan 
separately. It first presents the base year CO2 emissions followed by the emission reductions, 
macroeconomic, sectoral, and employment impacts in the counterfactual scenario with various tax 
policy options. Base year CO2 emissions are summarized in Figure 4.1. It can be seen that 
consumption of oil products is the primary source of CO2 emissions in Sri Lanka, accounting for 
almost 16.6 million tons (Mt) of CO2 out of 18.07 MtCO2 of total emissions. Coal contributes only 
1.47 MtCO2 to the total emissions. Firms’ consumption of oil products, both domestic and 
imported, contribute approximately three-fourth of emissions from oil products while private 
consumption contributes to only one-fourth of emissions.  
 
Figure 4.1     Base Year CO2 Emissions 
 
Note: The CO2 emissions from oil for Pakistan are however negligible at 0.01.  
 
Pakistan’s emissions in 2011 accounts for 130.33 MtCO2 with significant shares of emissions from 
oil products (60.32 MtCO2) and gas (54.6 MtCO2). Almost 82% of these emissions are due to the 
consumption of domestic and imported oil products and domestic gas products by firms. Coal also 
contributes to approximately 12% (15.41 MtCO2) of the country’s emissions which is entirely due 
to firms’ consumption. In 2010-2011 natural gas and oil were the two main sources of primary 
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energy supply in Pakistan with shares of 48% and 32% respectively (Pakistan Energy Year Book, 
2014).    
 
4.4.1 Results for Sri Lanka 
4.4.1.1      Emissions Abatement Under Mitigation Taxes  
The tax incidence consists of levying the taxes at the rates shown in Table 4.1. Table 4.2 reports the 
results in each scenario regarding CO2 emissions abatement and the energy prices. Results (in bold 
in Table 4.2) indicate that a carbon tax of US$27/tCO2 or a fuel tax of 12% levied on gas and oil 
products will keep Sri Lanka on track for achieving its unconditional emissions mitigation target of 
0.94 MtCO2 specified as a 7% reduction in the INDCs. A policy mix combining a carbon tax of 
US$15/tCO2 and a fuel tax of 5% on gas and oil products is also able to attain the target.  
For a country whose consumption of oil products generates over 90% of CO2 emissions, the fuel tax 
appears to be a powerful instrument in emissions abatement showing the greatest percentage 
reduction in emissions. The emission reductions brought about by the three policies are due mainly 
to demand and price changes. In some cases, a slight increase in emissions from coal can be seen 
due to the substitution effect. The fuel tax is associated with a greater increase in the prices of gas 
(11%) and oil products (12%) and hence there is a shift to coal and oil since these substitutes are 
lower in price. Hence with the fuel tax, electricity prices register the highest increase in the 
counterfactual scenario compared to the carbon tax and the policy mix strategies.     
In contrast, the carbon tax reduces emissions from both coal and oil products. In the carbon tax 
scenario of CTax 27 which enables the emission reduction target to be reached, this results in the 
greatest increase in coal and gas prices (57% and 16% respectively) and the lowest increase in the 
prices of oil products (8%) and electricity (6%) compared to the respective fuel tax and policy mix 
strategies. Sri Lanka’s energy shares in 2015 indicates that 42% of its energy generated is thermal 
based, from which, 34% is generated through coal-fired plants and the rest is from oil based plants. 
It is however a concern that the energy share plan highlights the prospect of increasing the share of 
coal-based thermal up to 51% in 2030 (Ceylon Electricity Board, 2015). In this (future) scenario, a 
carbon tax will be effective compared to the fuel tax as the former applies to all the energy 
commodities so that future electricity prices and demand are adjusted appropriately to the source of 
the electricity generation mix. When carbon and energy taxes are imposed specifically in Sri 
Lanka’s electricity supply industry, Siriwardena et al. (2007) conclude that the fuel mix in thermal 
electricity generation and the final demand effects are the major factors contributing to overall 
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emissions reduction. Changes in electricity generation composition also result in a decrease in 
electricity demand due to higher electricity prices.  
 
Table 4.2 Impact on CO2 Emissions and Energy Prices 
Sri Lanka 
Carbon Tax Fuel Tax  Policy Mix 
CTax 
20 
CTax 
27 
CTax 
30  
FTax 
10 
FTax1
2 
FTax1
5 
CF 
10_10 
CF 
5_10 
CF 
15_5 
CO2 
Emissions  
(% Change) 
Coal -16.05 -20.08 -21.64 0.29 0.38 0.52 -8.87 -4.62 -12.8 
Oil -13.46 -16.36 -17.44 1.6 1.88 2.28 -6.94 -3.13 -10.46 
Gas -8.66 -11.28 -12.35 -4.31 -5.18 -6.52 -8.37 -6.4 -8.36 
Oil products -2.90 -3.86 -4.27 -4.87 -5.76 -7.04 -6.17 -5.53 -4.62 
Total -3.97 -5.18 -5.68 -4.46 -5.26 -6.42 -6.39 -5.45 -5.28 
CO2 
Emissions 
Abatement 
(MtCO2) 
Coal -0.24 -0.30 -0.32 0.00 0.01 0.01 -0.13 -0.07 -0.19 
Oil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gas 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Oil products -0.48 -0.64 -0.71 -0.81 -0.96 -1.17 -1.02 -0.92 -0.77 
Total -0.72 -0.94 -1.03 -0.81 -0.95 -1.16 -1.15 -0.98 -0.95 
Energy Price 
Index               
(% Change) 
Coal 41.93 56.61 62.91 -0.34 -0.4 -0.49 20.64 10.15 31.28 
Oil -0.22 -0.30 -0.33 -0.35 -0.41 -0.51 -0.45 -0.4 -0.34 
Gas 12.09 16.33 18.15 9.13 11 13.79 15.2 12.16 13.55 
Oil products 5.69 7.68 8.54 10.06 12 14.9 12.91 11.48 9.48 
Electricity 4.79 6.43 7.13 7.41 8.67 10.54 9.82 8.62 7.86 
Pakistan 
Carbon Tax Fuel Tax Policy Mix 
CTax 
10 
CTax 
13 
CTax 
15 
FTax 
10 
FTax 
12 
FTax 
15 
CF 
5_5 
CF 
2_10 
CF 
10_10 
CO2 
Emissions 
(% Change) 
Coal -11.31 -14.13 -15.89 -2.04 -2.46 -3.08 -6.96 -4.53 -13.07 
Oil 0.31 0.4 0.45 3.81 4.63 5.84 1.85 3.84 3.99 
Gas -5.36 -6.89 -7.89 -8.09 -8.86 -9.98 -8.62 -9.07 -12.78 
Oil products -1.10 -1.42 -1.63 -1.74 -2.61 -3.87 -0.02 -1.95 -2.77 
Total -4.09 -5.22 -5.94 -4.44 -5.21 -6.34 -4.44 -5.23 -8.18 
CO2 
Emissions 
Abatement 
(MtCO2) 
Coal -1.74 -2.18 -2.45 -0.31 -0.38 -0.47 -1.07 -0.70 -2.01 
Oil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gas -2.93 -3.76 -4.31 -4.42 -4.84 -5.45 -4.71 -4.95 -6.98 
Oil products -0.66 -0.86 -0.98 -1.05 -1.57 -2.33 -0.01 -1.18 -1.67 
Total -5.33 -6.80 -7.74 -5.79 -6.79 -8.26 -5.79 -6.82 -10.66 
Energy Price 
Index                    
(% Change) 
 Coal 20.33 26.4 30.43 0.57 0.54 0.49 10.85 4.65 20.91 
Oil -0.08 -0.1 -0.11 0.26 0.14 -0.04 0.55 0.25 0.21 
Gas 7.01 9.19 10.66 11.13 12.97 15.75 10.18 12.6 18.58 
Oil products 3.11 4.04 4.67 4.14 5.98 8.74 1.07 4.75 7.23 
Electricity 1.92 2.49 2.88 4.89 5.75 7.03 3.71 5.28 6.83 
 
Note:  Figures in bold indicate the policy option that provides emissions reduction closet to the targets.    
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The policy mix strategy which enables the specified mitigation target to be reached, results in 
emissions reduction from both coal and oil products, with a higher share of abatement from oil 
products. This strategy is also associated with higher energy prices and the electricity price increase 
lies between the fuel and carbon tax options. The combination of a smaller share of fuel tax (5%) 
which is a powerful instrument in emissions mitigation, with a larger proportion of carbon tax 
(US$15/tCO2) is an effective strategy for Sri Lanka for two reasons. First, this strategy provides the 
most effective mitigation of emissions from a highly consumed energy commodity at present. 
Second, it has greater flexibility to adjust future electricity as a result of a prospective future 
generation mix that will rely on coal. However, the associated macroeconomic and sectoral effects 
also need to be considered apart from the emission reductions potential, before determining the 
optimal policy.    
4.4.1.2      Macroeconomic Impacts  
In this section, the macroeconomic effects seen in Table 4.3 of the three selected policy scenarios 
that can achieve the emissions reduction target of 0.94 MtCO2 are compared. The objective of this 
section is to find the optimum CO2 abatement policy for Sri Lanka. The results confirm that taxation 
would lead to an increase in GDP by a small percentage compared to the baseline. The carbon (fuel) 
taxation results in a GDP increase of 0.19% (0.28%) and 0.23% increase with a policy mix strategy. 
The GDP decomposition shows that consumption and government expenditure components 
increase with the tax policies while investment, exports, and imports decline but with an 
improvement in net exports. The fuel tax is associated with the largest decrease in investment and 
the greatest increase in consumption, government expenditure, and net exports, and hence results in 
the highest GDP growth.  
Increases in GDP can be explained by the rise in sectoral outputs of agriculture and forestry (see 
Table 4.4) and improvements in the trade balance following the projected trade outcomes. The 
agriculture and forestry sectors contribute a considerable share to the GDP (11.2% in 20119) so that 
increase in these sector’s output cause improved household incomes that in turn lead to increased 
consumption expenditures. The tax incidence causes larger reductions in the importation of oil and 
oil products into the country. With the fuel tax, the trade balance improves in the counterfactual 
scenario by US$390 million contributing significant shares from oil products (44%) and oil (29%). 
                                                             
9 Data drawn from the annual 2012 report of Central Bank of Sri Lanka, available at http://www.cbsl.gov.lk 
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Table 4.3 Macroeconomic Impacts  
 
Sri Lanka Pakistan 
Carbon Tax Fuel Tax Policy Mix Carbon Tax Fuel Tax Policy Mix 
CTax27 FTax12 CF15_5 CTax13 FTax12 CF2_10 
GDP (% Change) 0.19 0.28 0.23 0 -0.35 -0.41 
      Private Consumption 0.21 0.30 0.25 0.01 -0.36 -0.42 
      Investment -1.59 -2.30 -1.90 -1.66 -2.99 -2.84 
      Government Expenditure 0.26 0.36 0.30 0.07 -0.36 -0.44 
      Exports -0.25 -0.36 -0.30 0.53 1.07 1.21 
      Imports -1.33 -1.92 -1.58 -0.48 -0.96 -0.83 
CPI (% Change) 0.35 0.5 0.41 0.08 -0.32 -0.39 
Trade Balance (US$million) 272.17 390.11 321.77 434.66 878.94 845.62 
Tax Revenues (US$million)             
     Carbon Tax Revenue 489.44 0 272.06 1695.61 0 259.64 
     Other Tax Revenue (includes fuel tax) 15.57 22.3 18.74 0.8 -18.44 -21.82 
Welfare (EV measured in US$ million) -43.24 -61.67 -47.93 -105.43 -50.45 -45.68 
     Allocative Efficiency Effects -52.46 -75.21 -58.78 -39.07 76.09 96.59 
     Terms of Trade Effects 5.42 7.66 6.45 -26.34 -60.29 -69.52 
     Output Change Effect -20.02 -29.46 -23.4 0 0.01 0.01 
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The carbon tax improves the economy’s trade balance by US$272 million with 52% of the share 
coming from oil products and 18% from oil. The policy mix strategy delivers a trade balance of 
US$322 million with import reductions and trade improvements in the above two sectors of 44% 
and 27% respectively. Overall, the improvements in trade balance from each policy option accounts 
for 0.45%-0.66% of GDP in 2011. Therefore, apart from emissions abatement, our results confirm 
Gupta and Mahler’s (1995) findings that another benefit to Sri Lanka of levying a tax especially on 
petroleum is the conservation of foreign exchange.  
Undoubtedly, taxation especially on energy commodities is a cost to producers and so affects their 
profits. They pass this burden to consumers through increased prices of goods, which is reflected by 
an increase in the consumer price index (CPI). In this case the fuel tax causes the highest increase in 
the CPI (0.5%), followed by the policy mix strategy (0.41%) and the carbon tax (0.35%). This can 
be explained by the sectoral changes in prices shown in Table 4. The fuel tax is associated with the 
highest increase in electricity prices (9.11%) which explains the rise in the CPI. Moreover, a 
significant share of electricity generated is thermal based using coal, oil, and oil products.10 Overall, 
it appears that the carbon tax has the least inflationary effect relative to the fuel tax and policy mix 
option.  
The carbon tax is arguably a more attractive option given its revenue generating capacity and thus 
can be viewed as an effective policy to compensate losers. This study shows that the carbon tax 
(policy mix) would raise about US$489 (US$272) million in revenue. The biggest share of the 
revenue comes from Sri Lanka’s most consumed energy commodity which is oil products. The 
revenue from the fuel tax is accounted for under the other indirect taxes and it is lower than the 
carbon tax.   
 
 
 
                                                             
10 Sri Lanka’s thermal based electricity generation is 62% in 2014, available at www.info.energy.gov.lk 
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      Table 4.4 Sectoral Impacts 
Sri Lanka 
Output (% Change) Prices (% Change) Contribution to Trade Balance (US$million) 
Carbon Tax 
CTax27 
Fuel tax 
FTax27 
Policy Mix 
CF15_5 
Carbon Tax 
CTax27 
Fuel tax 
FTax27 
Policy Mix 
CF15_5 
Carbon Tax 
CTax27 
Fuel tax 
FTax27 
Policy Mix 
CF15_5 
Agriculture 0.05 0.07 0.06 -0.29 -0.42 -0.34 22.39 31.97 26.23 
Forestry 0.14 0.19 0.16 -0.58 -0.83 -0.68 0.82 1.18 0.97 
Coal -19.15 0.83 -11.81 -2.71 -0.4 -1.72 13.92 -0.26 8.87 
Oil -0.28 -0.87 -0.63 -0.54 -1.21 -0.91 49.33 113.11 85.68 
Gas -10.89 5.14 -8.13 0.18 -0.34 -0.06 0 0 0 
Oil products -3.01 -6.9 -5.22 0.07 0.1 0.08 141.87 171.55 142.82 
Electricity -2.67 -3.29 -3.36 6.73 9.11 8.22 -0.01 -0.01 -0.01 
Energy Intensive Industries -0.84 -1.07 -1.01 0.23 0.28 0.28 2.65 17.9 7.84 
Other Industries and Services -0.4 -0.59 -0.47 0.06 0.09 0.07 41.18 54.69 49.39 
Pakistan 
Output (% Change) Prices (% Change) Contribution to Trade Balance (US$million) 
Carbon Tax 
CTax13 
Fuel tax 
FTax12 
Policy Mix 
CF2_10 
Carbon Tax 
CTax13 
Fuel tax 
FTax12 
Policy Mix 
CF2_10 
Carbon Tax 
CTax13 
Fuel tax 
FTax12 
Policy Mix 
CF2_10 
Agriculture -0.08 -0.15 -0.12 -0.11 -0.27 -0.27 21.08 48.9 47.62 
Forestry -0.55 -0.66 -0.61 -0.76 -1.26 -1.22 1.37 2.1 2.01 
Coal -8.89 -3.22 -4.02 -0.34 0.42 0.27 85.19 11.72 25.19 
Oil -0.81 -1.27 -1.09 -0.27 -0.81 -0.69 108.26 263.43 224.18 
Gas -6.66 -8.65 -8.78 -1.28 -1.76 -1.8 0.28 0.62 0.62 
Oil products -1.81 -4.21 -3.58 0.09 0.41 0.36 101.57 112.61 48.46 
Electricity -0.4 -3.92 -3.79 2.51 5.35 4.81 -1.42 -2.12 -1.81 
Energy intensive industries -2.53 -2.89 -2.77 1.32 1.35 1.28 -387.15 -374.7 -357.92 
Other industries and services -0.18 -0.36 -0.32 -0.22 -0.34 -0.37 505.48 816.38 857.25 
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Table 4.3 also shows the welfare effects associated with the tax policies. The welfare measurement 
used in GTAP-E is given by the equivalent variation (EV) which is expressed in millions of US$ in 
constant 2011 prices for all the households. The EV offers a money-metric measure of the total 
household income at constant prices that is equivalent to the proposed change. The carbon tax 
results in the lowest welfare deterioration (US$43 million) in the counterfactual scenario while the 
fuel tax causes the biggest loss (US$62 million). For all three tax options, the largest share of 
welfare loss is due to allocative inefficiency as a result of the movement of inputs from high 
marginal value product sectors to low marginal value product sectors (see Huff and Hertel, 2000).  
For example, due to substitution away from cheaper inputs (now being taxed) to the more expensive 
alternative inputs, there is an increase in the cost of production and hence marginal value product is 
lowered in those sectors.     
The changes in the relative price of commodities due to the tax on production cost, affects 
households’ consumption behavior. For example, the increased price of electricity and energy- 
intensive goods due to tax policies would have an uneven effect on households based on their usage 
and income status. Even though there is an increase in household income (of 0.21%, not shown 
here), the share of income spent on electricity and energy-intensive goods may be greater (given 
that electricity consumption is relatively price inelastic) for low income households, causing 
increased consumption expenditures and varying effects on welfare.   
       
4.4.1.3      Sectoral Impacts and Employment Effects  
In response to the tax policy scenarios, Table 4 shows that the changes in sectoral output are 
determined by their emissions intensity. That is, the industries with higher emissions intensity are 
the sectors whose outputs decline and prices rise the most. This is most drastic with the fuel tax 
while the carbon tax is associated with the least output deterioration and the minimum price rise in 
oil, oil products, electricity, energy-intensive industries, and other industries and services. The 
agriculture and forestry sectors on the other hand experience positive output changes due to 
movement of inputs away from the energy-intensive sectors into these sectors.    
The oil products sector contributes the most to the improvements in the trade balance in all the 
policy options followed by oil and other industries and services. This is because of the larger 
contractions in imports of these products in response to the levied taxes. Sri Lanka has no coal or 
oil reserves and is entirely dependent on energy imports. The fuel tax shows the highest 
improvements in the trade balance. However, considering that it has the least adverse effects on the 
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sectoral outputs and prices, the carbon tax is the more appropriate policy followed by the policy 
mix strategy.  
Table 4.5 shows that the majority of sectors experience employment losses in the counterfactual 
scenario under all three tax policy regimes. For most of the industries, the losses in the skilled labor 
category exceed that of unskilled labor. The sectors that are highly exposed to the tax show larger 
job losses. In sectors such as oil, oil products, energy-intensive industries, and other industries and 
services, the loss is minimum with the carbon tax than the fuel tax. With the electricity sector, as it 
is price inelastic, although there may be a decrease in demand, the overall GDP value of this sector 
will rise as the increase in price of electricity outweighs the contraction in its demand. In addition, 
more labour is substituted for the expensive carbon intensive inputs, leading to employment 
creation in the electricity sector (similar to results obtained by Siriwardena et al., 2007) under all 
tax policies with larger benefits under the fuel tax. Overall, average wage declines under all the tax 
scenarios with the least adverse effects given by the carbon tax.  
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Table 4.5 Labor Market Effects (% Change) 
  
Sri Lanka Pakistan 
 
Carbon Tax Fuel Tax Policy Mix Carbon Tax Fuel Tax Policy Mix 
CTax27 FTax12 CF15_5 CTax13 FTax12 CF2_10 
Skilled Unskilled Skilled Unskilled Skilled Unskilled Skilled Unskilled Skilled Unskilled Skilled Unskilled 
Average wages -0.16 -0.19 -0.23 -0.26 -0.19 -0.21 -0.45 -0.38 -0.71 -0.65 -0.72 -0.65 
Employment                         
     Agriculture 0 0 -0.01 0 0 0 -0.08 -0.09 -0.13 -0.15 -0.1 -0.12 
     Forestry 0.05 0.05 0.06 0.07 0.06 0.06 -0.67 -0.68 -0.85 -0.86 -0.79 -0.8 
     Coal -35.03 -34.98 -1.69 -1.57 -22.96 -22.88 -58.56 -58.67 -24.18 -24.35 -29.26 -29.45 
     Oil -0.89 -0.88 -2.28 -2.27 -1.69 -1.68 -2.43 -2.46 -3.92 -3.94 -3.36 -3.39 
     Gas -10.89 -10.89 -5.14 -5.14 -8.13 -8.13 -7.44 -7.45 -9.62 -9.63 -9.77 -9.78 
     Oil products -2.7 -2.67 -6.48 -6.45 -4.87 -4.84 -1.18 -1.26 -2.83 -2.9 -2.25 -2.33 
     Electricity 6.18 6.21 8.66 8.7 7.39 7.42 4.85 4.76 6.7 6.63 5.88 5.79 
     Energy intensive industries -0.27 -0.25 -0.35 -0.32 -0.33 -0.31 1.16 1.09 1.25 1.2 1.27 1.2 
     Other industries and services -0.03 0 -0.04 0 -0.04 0 -0.02 -0.12 -0.03 -0.11 -0.03 -0.12 
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4.4.2 Results for Pakistan 
 
4.4.2.1      Emissions Abatement under Mitigation Taxes  
We used various levels of the carbon tax, fuel tax, and policy mix strategies to find the necessary 
levels for each policy that Pakistan could adopt to achieve the assumed emissions mitigation target 
of 5% of 2011 levels which is approximately 6.5 MtCO2. As seen in Table 4.2, either a carbon tax 
of US$13/tCO2, a fuel tax of 12% or a policy mix strategy combining a carbon tax of US$5/tCO2 
and a fuel tax of 10% are comparable emissions reduction strategies. Both the carbon and fuel tax 
show higher emissions reduction from gas than oil products. The carbon tax is associated with the 
largest percentage increase of coal prices (26%) while the fuel tax caused the highest rate increase 
of gas (13%), oil products (6%), and electricity (6%) prices. As expected, the price changes with the 
policy mix strategy lies between those with carbon and fuel taxes.        
   
4.4.2.2      Macroeconomic Impacts 
The firms and consumers in Pakistan enjoy a range of subsidies on consumption of coal, electricity, 
oil, and gas products and a huge amount of tax on private consumption of oil products as seen in 
Tables A2 and A3 in APPENDIX III. Thus, it can be said that Pakistan has a distorted energy 
market. Table 4.2 shows that when a fuel tax is applied, firms are still seen to enjoy the subsidies 
they had for coal and electricity, and households still benefit from the existing coal, oil, and 
electricity subsidies. However, with the carbon tax, the private consumption subsidy on coal is 
converted to a tax while the levels of subsidy on oil and electricity decrease. Firms on the other 
hand lose the previous coal subsidies and the level of subsidy on electricity declines. Pakistan also 
has a high ad valorem tax of 38% on private consumption of both domestic and imported oil 
products. With the set fuel tax rate to achieve the required emissions reduction, the tax level 
Pakistan had on oil products declines in the counterfactual scenario.  
Table 4.3 shows that in the case of Pakistan, reducing CO2 emissions has a cost in terms of GDP for 
the fuel tax and the policy mix strategies compared to the baseline scenario. For a 5% decline in 
emissions, GDP declines by 0.35% with the fuel tax and 0.41% with the policy mix strategy. 
However, with a US$13/tCO2 carbon tax, GDP does not change in the counterfactual scenario. The 
decomposition of GDP shows that except for exports, consumption, investment, government 
expenditure, and imports all fall with the fuel tax and policy mix strategy. Since household incomes 
fall by 0.36% with the fuel tax and by 0.42% with the policy mix strategy, private consumption 
expenditure is seen to decrease. There is also a decline in the rental rate of capital which leads to a 
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fall in investment in all the tax scenarios. Government spending too decreases with the fuel tax and 
the policy mix strategy, and more so for the latter. With the carbon tax, private consumption, 
government spending, and exports rise with a slight fall in investment. Household income rises with 
the carbon tax allowing more spending for consumption. Also, since low income households11 
cannot adjust to the increased energy prices by product switching or by any other mechanism, the 
share of expenditure on consumption increases with the increased prices.   
The tax incidence in Pakistan improves the trade balance in all the scenarios. The fuel tax improves 
the trade balance by US$879 million, compared to US$846 million with the policy mix strategy. 
Pakistan is primarily dependent on oil and gas to fulfill its energy requirement. Since its domestic 
oil reserves are not sufficient to satisfy the demand, it imports larger quantities of oil and oil 
products from the middle east. Therefore, the improvement in the trade balance is brought about 
mainly by the import reductions in the oil and oil product sectors (see Table 4.4 for the sectoral 
contributions). The fuel tax is also associated with the largest decrease in the percentage of the 
volume of imports. 
It can be seen in Table 4.3 that the fuel tax and policy mix strategies lead to a slight decrease in CPI 
while the carbon tax causes a modest increase in inflation. This is because the fuel tax and policy 
mix strategy led to a decline in prices of most of the sectors such as agriculture, forestry, oil, and 
other industries and services, compared to the carbon tax policy. The decline in market prices of 
commodities is also caused by the existing subsidies in the baseline scenario. For example, 
agriculture, forestry, and other industries and services enjoy an electricity subsidy on both domestic 
and import purchases. Furthermore, there are private consumption subsidies on coal, oil, gas, and 
electricity for both domestic and import consumptions. Lowering the existing ad valorem tax rate 
on private consumption of oil products causes a decline in prices of final commodities in the 
counterfactual scenario.    
The carbon tax generates revenue of approximately US$1696 million (Table 4.3) while the policy 
mix strategy generates US$260 million. It can be seen that the revenue from indirect taxes is 
negative for both the fuel tax and policy mix strategy, implying that overall the country still enjoys 
subsidies rather than taxes. For example, both the fuel tax and policy mix strategies lead to a 
reduction of the ad valorem tax rate for private consumption of oil products. However, the carbon 
tax converts the existing subsidy on private consumption of coal into a tax in the counterfactual 
scenario, resulting in increased revenue from indirect taxes.  
                                                             
11 Pakistan’s poverty head count ratio based on its national poverty line is 36.3% of the population in 2011 (World 
Bank, 2016)  
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Table 4.3 also shows that the policy mix strategy is associated with the least welfare deterioration 
(US$46 million) followed by the fuel tax (US$50 million). However, the carbon tax results in the 
largest welfare deterioration (US$105 million) in the counterfactual scenario. In all the scenarios, 
there are greater terms of trade losses with more significant effects under the policy mix strategy. 
Therefore, it is the loss of allocative efficiency associated with the carbon tax that explains the 
welfare deterioration. As the carbon tax is levied on all energy commodities (i.e. coal, oil, gas, and 
oil products), it reduces the demand for all these products resulting in a decline in production. Also, 
the industry output of coal declines (by 9%) compared to the fuel and policy mix strategies. This is 
because Pakistan uses a significant amount of coal given that coal accounts for approximately 12% 
of its base year emissions. Therefore, the allocative efficiency loss may stem from resource 
misallocation from the higher marginal value product sectors to relatively lower marginal value 
product sectors. Conversely, the fuel and policy mix strategy register gains in allocative efficiency 
although they are not large enough to completely offset the other losses contributing to a 
deterioration in welfare.   
4.4.2.3      Sectoral and Employment Effects 
Tables 4.4 and 4.5 show the effects of the tax policy scenarios considered here on output, prices, 
contributions to the improvement in the trade balance, and employment.  Overall, the industries 
most affected are those with a higher dependence on energy, i.e. coal, gas, electricity, and energy-
intensive industries. The policy mix strategy is associated with the least output reduction in coal 
mining and other industries and services and minimum price rise in energy-intensive industries. The 
carbon tax results in minimum effects on the output of all the other sectors except coal, minimum 
price reductions in agriculture, forestry, oil, gas, and other industries and services, and minimum 
price rise in oil products and electricity. Therefore, the carbon tax has less distortionary effects for a 
country like Pakistan where the agriculture and forestry sectors account for nearly 21% of GDP and 
about 44% of employment in 2014-15.     
The decline in the output of the energy-intensive industries leads to a negative trade balance in this 
sector. The other industries and services is however the sector that contributes most to 
improvements in the trade balance with some significant contributions from oil, oil products, and 
agriculture (results not shown here but available upon request). The carbon tax is associated with 
the smallest wage decreases as seen in Table 4.5. It also shows the lowest declines in labor demand 
in most of the sectors, e.g. agriculture, forestry, oil, gas, oil products, and other industries and 
services compared to the other two tax options.        
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4.5.  Conclusions 
This study analyzed the emissions abatement potential, macroeconomic, sectoral, and employment 
effects of three emission reduction policies, namely, a carbon tax, a fuel tax, and a policy mix 
strategy to reduce CO2 emissions in Sri Lanka and Pakistan using the GTAP-E model. Our results 
indicated that any of the following - a carbon tax of US$27/tCO2, a fuel tax of 12% levied on gas 
and oil products, a policy mix combining a carbon tax with US$15/tCO2 and a fuel tax of 5%, 
would keep Sri Lanka on track to achieve its unconditional emissions mitigation target of 7% as 
specified in its INDCs. For Pakistan, a carbon tax of US$13/tCO2 or a fuel tax of 12% or a policy 
mix strategy combining a carbon tax of US$5/tCO2 and a fuel tax of 10% would result a reduction 
of 5% from BAU levels. 
The fuel tax compared to carbon tax performs well in terms of output expansion, conservation of 
foreign exchange, and improvement in the trade balance for Sri Lanka. However, unlike the fuel 
tax, the carbon tax has a higher revenue generating effect, results in less inflation, and has a smaller 
welfare deteriorating effect. The performance of the policy mix strategy lies in between the two 
policy instruments. In terms of efficiency (or a cost-effective way of implementing policy) given by 
changes in GDP, the policy mix strategy is the best option as it has minimum adverse effects on 
other macroeconomic variables compared to the fuel and carbon tax policies and the gain in GDP is 
worth approximately US$150 million. Moreover, the combination of a smaller share of fuel tax, 
which is a more powerful instrument in emissions mitigation, and a larger proportion of carbon tax 
is effective for Sri Lanka based on two reasons. First, the strategy has some features of effective 
mitigation of emissions from a highly consumed energy commodity at present. Second, it has 
greater flexibility to adjust future electricity prices caused by the potential generation mix of more 
coal use, so that future emission mitigation can be guaranteed.  
For Pakistan, an economy with market distortions of subsidies and taxes, the fuel tax allows firms 
and households to still enjoy some subsidies in the counterfactual scenario. However, with the 
carbon tax, the private consumption subsidy on coal becomes a tax while the levels of subsidy on 
oil and electricity decline in the counterfactual scenario. Firms lose the subsidies they had for coal 
before, and the subsidies on electricity declined. The macroeconomic impacts indicated the 
potential role of the carbon tax in emissions mitigation without any cost in terms of GDP compared 
to the other policy options. Given that the carbon tax generates as much as US$1696 million 
revenue and has the smallest adverse effects in terms of output declines in agriculture, forestry, oil, 
gas, and other industries and services, this study finds carbon tax to be least distortionary for 
  Chapter 4: Mitigate Climate Change in South Asia- Role of MBIs 
98 
 
Pakistan. With less inflationary effects on electricity and oil products, and less wage decreases, 
coupled with minimum output reduction in the production sector, the carbon tax has less adverse 
impacts on low income households. Therefore, based on the criteria of cost-effectiveness and 
minimum distortionary effects, the carbon tax is found to be the optimum policy for Pakistan. In 
addition, a carbon tax is effective in discouraging future use of its domestic coal reserves.  
For both countries which are low middle income, our analysis confirms that some level of carbon 
tax is best implemented in the most cost effective way, the latter seen in the no decline in GDP 
situation in Pakistan and the effect of GDP gains in Sri Lanka. This is in contrast to the findings of 
a decline in GDP resulting from a carbon tax in Vietnam (Kim 2014) also a low middle income 
country, in developed countries such as Australia (see Asafu-Adjaye and Mahadevan, 2013 and 
Siriwardana et al. 2011) and countries such as Colombia, South Africa, and Chile, which are upper 
middle income or better (see Calderon et al., 2016; Vera and Sauma, 2015; Alton et al., 2014). 
More research needs to be undertaken on countries with different levels of development for a more 
informed debate on appropriate climate change policies and the potential of a policy mix, the latter 
being absent in most previous studies.  
As with any study, this study has limitations which are worth considering for future research. First, 
the emission reduction targets and tax rates are based on BAU projections. However, the actual 
trend of emissions can be higher or lower than the BAU projections depending on factors such as 
other mitigation strategies, climate change adoption, and the volatility of future fossil fuel prices. 
The under or overestimated BAU projections will affect the robustness of our results. Second, the 
design of a comprehensive carbon tax or a policy mix strategy is best incorporated together with 
revenue recycling strategies but the latter was not undertaken in this study. It can be important to 
identify different revenue recycling options such as investment of carbon tax revenues in renewable 
energy generation and adoption, to induce/incentivize innovation, or technological change in the 
electricity generation mix to examine the economy-wide impacts before deciding on the optimal tax 
policy. Third, this study did not focus on income distributional effects such as poverty or income 
inequality impacts of the tax policies. This could be undertaken by relaxing the model assumption 
of a representative household to incorporate data on income deciles from the household survey for 
analysis. Fourth, emissions trading scheme as a potential climate mitigation policy is yet to be 
analyzed for developing countries but this is important to widen the range of available policies for 
consideration. Finally, model specific limitations inherent in the GTAP-E model such as its 
comparative static nature and parameter uncertainty can be expected to affect simulation results. 
For example, a fuel tax is likely to induce innovations in producing electric vehicles, a trend that is 
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already underway. However, because of the comparative static nature of the model used in this 
study, it does not allow for technological adaptation to a carbon or fuel tax. Hence the latest 
developments in global energy modelling within GTAP framework such as GDyn-E model can be 
considered in future research.    
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APPENDIX III 
 
Figure A1 The GTAP-E Model Capital-Energy Composite Structure 
 
 
Source: Burniaux and Truong (2002). 
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Table A1 Regional and Sectoral Aggregation 
Aggregated 
Regions 
Countries Included 
Aggregated 
Sectors 
Commodities Included 
1. Sri Lanka 
 
1. Coal Coal mining 
2. India 
 
2. Oil Crude oil 
3. Pakistan 
 
3. Gas Gas manufacture, distribution 
4. Bangladesh 
 
4. Oil products Petroleum, coal products 
5. Nepal 
 
5. Electricity Electricity 
6. Rest of South Asia 6. Forestry Forestry 
7. Oceania Australia, New Zealand, Rest of Oceania 
 
7. Agriculture 
 
Paddy rice, Wheat, Cereal grains nec1, 
Vegetables, fruits, nuts, Plant based fiber, 
Crops nec1 Vegetables, fruits, nuts, Plant 
based fiber, Crops nec, Oil seeds, Sugar cane, 
sugar beet, Plant-based fibers, Cattle, Sheep, 
Goats, Horses, Animal products, Raw milk, 
Wool, Silk-worm cocoons, Meat: Cattle, 
Sheep, Goats, Horses, Fishing 
 
8. East Asia China, Hong Kong, Japan, Korea, Mongolia, 
Taiwan, Brunei Darussalam, Rest of East Asia 
8. Energy intensive  
    industries 
Chemical, rubber, plastic products, Mineral 
products nec, Ferrous metals, Metals nec. 
9. Southeast Asia Cambodia, Indonesia, Lao Republic, Malaysia, 
Philippines, Singapore, Thailand, Vietnam, Rest 
of Southeast Asia  
 
9. Other industries   
    and services 
 
Meat: cattle, sheep, goat, horse. Meat 
products nec, Vegetable oils and fats, Dairy 
products, Processed rice, Sugar, Food 
products nec, Beverages and Tobacco 
products, Textiles, Wearing apparel, Leather 
products, Wood products, Paper products, 
publishing, Metal products, Motor vehicles 
and parts, Transport equipment nec, 
Electronic equipment, Machinery and 
equipment nec, Manufactures nec, Water, 
Construction, Trade Transport nec, Sea 
transport, Air transport, Communication, 
Financial services nec, Insurance, Business 
services nec, Recreation and other services, 
Pubadministration/Defense/Health/Education, 
Dwellings. 
10. North    
     America 
Canada, United States of America, Mexico, 
Rest of North America 
 
11. Latin 
America 
Argentina, Bolivia, Brazil, Chile, Colombia, 
Ecuador, Paraguay, Peru, Uruguay, Venezuela, 
Rest of South America, Costa Rica, Guatemala, 
Honduras, Nicaragua, Panama, El Salvador, 
Rest of Central America, Dominican Republic, 
Jamaica, Puerto Rica, Trinidad and Tobago, 
Caribbean. 
 
12. European  
      Union 25 
Austria, Belgium, Cyprus, Czech Republic, 
Denmark, Germany, Estonia, Finland, France, 
Greece, Hungary, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherland, 
Poland, Portugal, Slovenia, Slovakia, Spain, 
Sweden, United Kingdom 
    
 
 
13. Sub-Saharan  
      Africa 
Benin, Burkina, Faso, Cameroon, Cote d' lvoire, 
Ghana, Guinea, Nigeria, Senegal, Togo, Rest of 
Western Africa, South Central Africa, Ethiopia, 
Kenya, Madagascar, Malawi, Mauritius, 
Mozambique, Rwanda, Tanzania, Uganda, 
Zambia, Zimbabwe, Rest of Eastern Africa, 
Botswana, Namibia, South Africa, Rest of 
South African Customs 
 
 
 
14. Middle East    
      and North  
     Africa 
 
Egypt, Iran, Morocco, Tunisia,  
Turkey, Rest of North Africa,  
Rest of Western Asia.    
  
15. Rest of the  
      World 
Switzerland, Norway, Rest of EFTA, Albania, 
Bulgaria, Belarus, Croatia, Romania, Russian 
Federation, Ukraine, Rest of Eastern Europe, 
Rest of Europe, Kazakhstan, Kyrgyzstan, Rest 
of Former Soviet Union, Armenia, Azerbaijan, 
Georgia.  
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Note:     1stands for not elsewhere classified.  
Source:  Authors’ aggregation using GTAP database Version 9. 
 
 
Table A2 Base Year (2011) Tax Rates on Private Consumption and Government 
                          Purchases in Pakistan 
 
Sector 
Ad valorem Tax (%) 
Private Consumption Government Consumption 
Domestic Imports Domestic Imports 
Agriculture 0.00 0.00 0.00 0.00 
Forestry 0.00 0.00 0.00 0.00 
Coal -7.45 -28.23 0.00 0.00 
Oil -1.50 -18.98 0.00 0.00 
Gas -10.14 -28.12 3.45 0.00 
Oil products 37.78 37.78 0.00 0.00 
Electricity -9.00 -28.10 -0.54 0.00 
Energy Intensive Industries 0.18 1.66 -0.06 -0.33 
Other Industries and Services 0.00 -0.08 0.00 0.37 
 
                 Note:  A positive (negative) value is a tax (subsidy).  
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                    Table A3 Base Year (2011) Tax Rates on Firms’ Domestic and Import Purchases in Pakistan  
Sector Ad valorem Tax on Firms' Domestic Purchases (%) 
 
Agriculture Forestry Coal Oil Gas Oil products Electricity 
Energy 
Intensive 
Industries 
Other 
Industries 
and Services 
Agriculture 0 0 0 0 0 0 0 0 0 
Forestry 0 0 0 0 0 0 0 0 0 
Coal 0 0 0 0 0 0 0 -1.49 -5.37 
Oil 0 0 0 0 0 0 0 0 -6.31 
Gas 0 0 0 0 0 0 0 0 0 
Oil products 0 0 0 0 0 0 0 0 0 
Electricity -5.48 -0.85 0 0 0 0 0 0.47 -1.42 
Energy Intensive Industries 0 0 0 0 0 0 0 0 0 
Other Industries and Services 0 0 0 0 0 0 0 0 0 
Sector 
Ad valorem Tax on Firms' Import Purchases (%) 
Agriculture Forestry Coal Oil Gas Oil products Electricity 
Energy 
Intensive 
Industries 
Other 
Industries 
and Services 
Agriculture 0 0 0 0 0 0 0 0 0 
Forestry 0 0 0 0 0 0 0 0 0 
Coal 0 0 0 0 0 0 0 -10.74 0 
Oil 0 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 0 
Oil products 0 0 0 0 0 0 0 0 0 
Electricity -13.79 -6.06 0 0 0 0 0 -10.23 -12.35 
Energy Intensive Industries 0 0 0 0 0 0 0 0 0 
Other Industries and Services 0 0 0 0 0 0 0 0 0 
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5 
Conclusions 
The nature of the dynamic interrelationships among climate change, agriculture, trade, and energy 
and their effects on the environment and welfare remains one of the most complex unresolved 
issues for researchers and policy makers today. Continuing climate change coupled with some other 
dynamics such as rising population and increased energy demand have had an adverse effect on the 
environment through land-use induced and energy induced GHG emissions. Agriculture, especially 
in the developing regions has been affected negatively by climate-induced crop productivity 
changes. Hence the study of mitigation policies to overcome such adverse effects on the 
environment would be of interest to policymakers. This thesis examined a variety of policy 
interventions to address climate change cause and effects on agriculture, land use, and energy 
sectors in developing countries using South Asian economies as case studies under the CGE 
modelling framework. 
Among the policy interventions, it was first hypothesized that trade liberalization is a vital tool in 
offsetting the adverse welfare impacts of climate change on agriculture. In the case of these two 
South Asian economies (Sri Lanka and Bangladesh), the study found that the welfare gains from the 
unilateral and regional trade liberalization options were insufficient to offset climate-induced 
welfare losses, resulting in adverse effects on GDP. Global full trade liberalization was found to be 
the optimum trade policy for Sri Lanka while regional partial agricultural trade liberalization was 
relatively better for Bangladesh in terms of having the least welfare deterioration effects. The study 
concludes that there is no one size fits all policy for trade liberalization to mitigate climate change 
on agriculture. Also, it confirms that sometimes a restricted trade liberalization regime may be a 
second best option. 
Our study then hypothesized that trade liberalization and agricultural intensification through 
productivity improvements could serve as mechanisms for land-based emissions mitigation and 
land cover changes while simultaneously offsetting the adverse impacts of climate change on 
agriculture. Among the trade liberalization scenarios analyzed, the study confirmed a higher 
regional mitigation potential with the global trade liberalization options and a considerable global 
mitigation potential with the unilateral trade liberalization strategies. Conversely, regional trade 
liberalization seemed unfavorable both at regional and global levels as it further worsens the 
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climate-induced land cover changes and land-based emissions. Hence global full trade liberalization 
was considered as the optimum policy for India and the rest of South Asia. Given the extensive 
deforestation that has occurred and thus the LCLUC-induced CO2 emissions created by the policy 
mentioned above at the global level, the study concluded that unilateral partial trade liberalization 
on all goods is more appropriate for the world. However, agricultural intensification was identified 
as the best strategy in land-based emissions mitigation both at regional and global levels. This 
policy is capable of producing increased agricultural output with less land input and hence saves 
vast millions of hectares of land from being brought into agricultural production supporting the 
Borlaug hypothesis. 
Our last study focused on energy and transport sector emissions mitigation policies for Sri Lanka 
and Pakistan. The two countries make an interesting choice for a comparative analysis because of 
the contrasts between them in terms of population, size of the economies, market distortions, and 
fulfillment of energy requirement from domestic resources. The study confirmed a carbon tax of 
US$27/tCO2, a fuel tax of 12% levied on gas and oil products, a policy mix combining a carbon tax 
with US$15/tCO2 and a fuel tax of 5%, would keep Sri Lanka on track to achieve its unconditional 
emissions mitigation target of 7% as specified in its INDCs. For Pakistan, a carbon tax of 
US$13/tCO2 or a fuel tax of 12% or a policy mix strategy combining a carbon tax of US$5/tCO2 
and a fuel tax of 10% would result in a reduction of 5% of emissions from BAU levels. Among the 
policy interventions mentioned above, the carbon tax was found to be the best option for Sri Lanka 
given the minimum adverse effects on welfare and with increases in real GDP by 0.2%. For 
Pakistan also, although it has a distorted market of energy subsidies and taxes, the carbon tax is 
appropriate for emissions reductions of 5% from 2011 levels with no adverse impact on GDP. Thus 
both economies can achieve their emission targets cost-effectively and any welfare loss can be 
compensated from the carbon tax revenues. 
 
5.1 Limitations and Future Research Directions 
This thesis focused on climate change cause and effects and mitigation policies for three broad 
sectors, i.e. agriculture, land use, and energy. Similar to any study, the studies included in this thesis 
have some limitations that can be addressed in future research. These limitations can be grounded 
under two categories − addressing the model’s constraints and other research related issues. In 
general, all the studies included in the thesis employed the GTAP model and various extensions. 
The limitations of input-output database related to the South Asian region in the GTAP database is 
one of the major model constrains. The input-output tables for SA countries like Sri Lanka and 
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Pakistan are very old and hence they have been mechanically updated for the most recent version 
(Version 9) used in this study. Hence it is recommended to incorporate new input-output tables for 
these countries into the GTAP database to represent more accurate structures of these economies.    
 The standard GTAP model used in this study is a comparative static model and does not 
incorporate the dynamic effects. For example, the model does not consider the dynamics of climate-
induced crop productivity changes such as flexibility in resource endowments, production and 
consumption patterns, capital returns, international capital flows, and savings and investments in 
our first and second studies. Hence the recent developments under the GTAP framework such as the 
GTAP-Dyn (Dynamic model) can be considered in future research. Also, the aggregate nature of 
the database makes it difficult to undertake detailed analysis of some of the key sub-sectors in 
agriculture and energy. Moreover, the parameter uncertainty affects the simulation results in all the 
studies. Therefore the choice of modeling tools and improvements to overcome model limitations 
should be addressed in future research. Additionally, the simulation results of the energy study 
depends on the BAU projections, and these estimates are affected by the factors such as other 
mitigation strategies, climate change adoption, and the volatility of future fossil fuel prices. Since 
these dynamics have not been considered in the BAU projections, further testing of the robustness 
of our results are required.      
Our first study focused on the role of trade liberalization in mitigating climate change impacts on 
agriculture. However, the study considered only the climate-induced impacts on crop production 
and not on livestock production. There is a significant contribution from livestock production to 
total agricultural production and also a considerable amount of GHG emissions emanate from 
livestock production systems in the world. Hence two broad future research areas are proposed. 
First, the role of policy interventions in mitigating climate change impacts on animal production 
systems, and policies for emissions mitigation in the sector could be explored. Second, future work 
could extend the results of the first study by relaxing the standard GTAP assumption of a 
representative household to incorporate income deciles data of households. This would allow a 
study of the distributional impacts of poverty and income inequality under climate change 
scenarios. Consideration of other land-based GHG emissions mitigation policies such as taxes and 
zoning incentives, and policy mix strategies combining these policies or evaluating an optimum 
combination of these policies would also be useful extensions for future land-based research.  
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Empirical evidence on appropriate climate change policies for energy sector emissions mitigation, 
particularly the potential of policy mix is sparse in the literature. In particular, more case specific 
research needs to be undertaken in countries with different levels of development and emitting 
status in order to provide more comprehensive information to inform the formulation of more 
appropriate climate change mitigation strategies. In this thesis, the carbon tax has been identified as 
the appropriate and more realistic policy option for small emitter developing countries. The design 
of a comprehensive carbon tax policy needs to be incorporated into revenue recycling strategies, 
although this aspect was not been considered in the research. Therefore investigation of the 
economy-wide effects of different revenue recycling options such as investments in renewable 
energy exploitation, generation, and adoption, infrastructure development, or technological change 
in electricity generation mix would generate useful information for energy policy development.  
 
 
 
 
